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The Municipal Engineering 
Works of San Francisco 





A Description of Notable Engineering Works of the 
City Engineering Department of Sam Francisco 


anv of the engineers who will visit San Francisco Southern Pacific Co. he entered the field of hvdraulc 
Man : 


this vear to see the marvelous international exposition engineering. In 1892 he was chief engineer of the Cali 
which has been there created will desire to see something fornia Mid-Winter International Exposition, held in San 
also of the city’s remarkable engineering works. In no — Francisco, and later became chief engineer of the Moun 


ereat city of the world has widespread destruction ever — tain Copper Co. and other important corporations. 

been followed by such rapid and complete rebuilding ; and In 1899 he went to Hawaii and for seven years was 
with this rebuilding of the city’s factories and warehouses engaged in planning and constructing the great plants 
and office buildings and used for water-supply and 
dwellings has gone on the | irrigation on the Sandwich 
reconstruction of its great 
public works. 

It has seemed to us that 
an adequate presentation of 
the important works carried 
on by the city engineering 
department of San Fran- 
cisco would be a_ useful 
guide to engineers who will 
visit that city this year and 
would be of wide interest, 
also, to those unable to 
enjoy that privilege, since 
many of these great works 
are novel and unprecedented 
in their character. 

Through the courtesy of 
Mr. M. M. O’Shaughnessy, 
City Engineer of San Fran- 
cisco, we are able to present 
in the series of articles on 
the following pages what is 
practically an official de- 


Islands sugar plantations 
A valuable paper by Mr. 
O’Shaughnessv describing 
these engineering works was 
published in our issue « 
Apr. 15, 1909. 

Returning to California 
in 1907, Mr. O’Shaugh 
nessy resumed his practice 
as a consulting engineer and 
had charge of many inaport- 
ant works, such as those of 
the Southern California 
Mountain Water Co. in the 
mountains back of San 
Diego, the Port Costa 
water-works, and the works 
of the Spreckels Sugar Co. 

A very important part of 
the reconstruction of San 
Francisco has been its civic 


reconstruction. the men 





who joined together with 


scription of the city’s great M. M. O’SHAUGHNESSY with wonderful courage to 
engineering works. The City Engineer of San Francisco build a new San Francisco 
articles have been written by on the ashes of the old real- 
Mr. A. J. Cleary, Assistant City Engineer, by direction ized that it was essential to the city’s prosperity that its 
of Mr. O’Shaughnessy. great public works should be carried on in a businesslike 


The portrait of Mr. O’Shaughnessy on this page will manner and by officials who could be trusted to be faith 
interest all who know the wide reputation he has gained ful to the city’s interests. The most important of these 
in the field of hydraulic engineering. Mr. O’Shaughnessy great works are those in connection with the new water- 
is a native of Ireland, attended Queen’s College, Cork, supply for the city to be brought from the Hetch Hetehy 
and Queen’s College, Galway, and graduated with honors Valley in the distant Sierra Mountains. With foresight 
from the engineering course of the University of Dublin of the greatness of this task, Mr. O’Shaughnessy wa- 
in 1884. Shortly afterward he came to America. After selected as City Engineer of San Francisco and assumed 
a brief period of service in the engineering force of the office Sept. 1, 1912. 
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San Francisco’s Auxiliary 
Water-Supply for Fire 
Protection 


On Apr. 17, 1906, San Francisco’s bonded indebtedness 
was less than that of any other city of equal size in the 
United States. Despite the fact that previous to that 
time there had been much adverse criticism of the city’s 
government, the general financial condition, due to the 
city’s unexcelled natural resources and rapid development, 
was more than prosperous. 

On the morning of Apr. 18 a severe earthquake was 
experienced along the coast of central California. The 
shock broke the water mains leading into San Francisco 
from San Mateo County, leaving no ready means of de- 
fense against the several small fires which had been 
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started by wires that became crossed during the half- 
minute period of vibration. Within a few hours it was 
evident that the efforts of the fire department to control 
the various fires by pumping water from the bay or from 
sewers would be futile. The United States military au- 
thorities stationed at the Presidio were appealed to and 
they endeavored to check the conflagration by dynamiting 
buildings in its path. This method also proved ineffec- 
tive. For three days the fire raged, leaving thousands 
homeless and destroying property to the value of approxi- 
mately $325,000,000. Nothing daunted by this experi- 
ence and impressed with the city’s need of fireproof build- 
ing construction and more adequate fire protection, the 
débris was immediately removed and the work of recon- 
struction begun. This has progressed steadily until a 
new city, architecturally and structurally more perfect, 
has replaced the one that was destroyed. 

In rebuilding the business district much more attention 
has been given to structural analysis and detail. While 


ENGINEERING 


NEWS Vol. 73, 
it is true that a few poorly constructed build 
completely destroyed by the earthquake of 1904. 
eral well constructed buildings were damaged. 
was infinitesimal when compared with that cau: 
subsequent fire. To guard against a similar 
conflagration an auxiliary water-supply system 
protection has been installed. In its design and 
tion every provision has been made for vibratic 
is predicted that should another severe earthqua 
—a possibility which for the next fifty vears is 1 
the auxiliary system will not be badly damaged. 

As at present constructed, the fire-protection 
comprises two distinct units. One is a high-pres: 
distribution supply with its appurtenant resery,, 
pumping stations. The second is a series of inde). 
cisterns specially designed to withstand severe eart 
shocks. There are in addition two fireboats for th 
tection of the water front and shipping interests. 

The area protected by the high-pressure system exc 
eight square miles, which includes the business ani 1) 
ufacturing districts, and the more densely settled 
dential section. Due to the city’s irregular topograp! 
it was necessary, in order to secure fairly uniform pyro 
sure in both high and low districts, to divide the protect: 
area into two zones, each supplied from an independ: 
distribution reservoir. Both zones, however, can be co 
nected to the main supply reservoir. The upper zone in- 
cludes all districts whose elevation is greater than 150 
ft. This is supplied from a 500,000-gal. steel tank situ- 
ated on Clayton St., near 17th St., at an elevation of 490 
ft. It is 55 ft. in diameter by 29 ft. 1% in. high, and being 
situated in a residential district the 
mentally finished. 

Adjoining the tank is a pump and valve house. The 
pumping station, which is intended to supply water from 
the mains of the Spring Valley Water Co. to the Twin 
Peaks Reservoir, has a capacity of 1400 gal. per minut 
The equipment consists of two multi-stage turbine pumps 
each driven by an alternating-current electric motor. 
Power for the motors is supplied from two distinet sources 
to provide for interruptions in service. The pumps are 
not intended for use at the occurrence of a fire, but merely 
to maintain the supply in the main reservoir above. 

Fresh water is furnished to the lower zone from the 
Jones St. reservoir, at an elevation of 335 ft., located near 
the corner of Jones and Sacramento St. The reservoir 
is cylindrical, of reinforced concrete, 60 ft. inside diam- 
eter and 35 ft. 10 in. high. Its capacity is 750,000 gal. 
To provide for expansion and contraction, as well as to 
allow for mobility if subjected to earthquake shock, a spe: 
cial type of expansion joint was provided between. the 
bottom slab and the cylindrical wall. 

This joint is of the sliding type, and by its use the 
cracks so common at the base of reinforced-concrete reser- 
voir walls have been obviated. A raised rim is provided 
inside the joint to prevent excessive movement of the 
cylindrical shell along the bottom slab, in case of eartli 
quake. A circumferential steel angle was placed on thie 
lower interior corner of the wall to hold in place the bot- 
tom ends of vertical reinforcing channels. 

A detail of the joint is shown in Fig. 2. In its con- 
struction the conerete in the base slab was first poured, and 


reservoir is orn: 


: | 
‘the surface on which the wall would rest was smoothed 


with a cement-mortar finish. To prevent adhesion be- 
tween the concrete base slab and concrete wall, a coatiny 
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paint was next applied. Forms for the wail 
1 built, and the concrete poured. When the 
forms were removed, oakum was tightly calked into the 
" the joint as shown on the drawing, and the 
space filled with liquid asphalt. This joint 
en very satisfactory and permits no leakage. 
Lik the Clayton St. tank, the Jones St. distributing 
is artistically finished to harmonize with its 
tial surroundings. The architecture is of Mission 
(he external lines are pleasing, with a simple 
base, an entasis on the side walls, and a cornice 
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Fie. 2. PLAN ANd SEcTIONAL ELEVATION OF JONES ST. 


RESERVOIR AND DETAIL OF SLIDING JOINT 


capping, the severity of which is diminished by 12 luster- 
tile inserts, one between each pair of triglyphs that mark 
the corners of the pyramidal roof. The white cement fin- 
ish of the walls contrasts in a pleasing manner with the 
red tile roof, and the whole structure is an ornament 
iather than a disfigurement to its neighborhood. 

When necessary to operate the system at a pressure 
higher than 150 Ib. per sq.in. at the hydrant, which is 
provided in each zone from the separate distributing 
reservoir, by opening a valve at the Clayton St. pumping 
station both zones can be connected to the’ main supply 
reservoir, located near the summit of the Twin Peaks 
range, at an elevation of 760 ft. 

This main supply reservoir is of reinforced concrete. 
It is oval shaped, having a length of 375 ft. and a width 
of 280 ft. On the sides of the two compartments into 
which it is divided the concrete was poured quite wet be- 
tween longitudinal side forms 12 ft. apart, on top of 





N E ws 


oO} 


which 3x12-ft. covers were placed one at a time as th 
concrete Was poured, in order to hold it to the slope. Con 
crete for the sides and bottom of the reservoir, which are 
S and 6 in. thick, respectively, was 1:2: 4, 
with hvdrate of lime. 


waterpre voted 


Compartments are separated by a narrow buttressed 
The stability of the 


wall depends on the condition that when one compart 


wall ot conerete heavily reinforced. 


ment is full and one empty. there must be no overturning 


movement due to an accumulation of water under the 


floor of the reservoir. Such an accumulation is prevented 
by a system of over 10,000 ft. of 6-in. and 8-in. Ltronstone 
pipe subdrain under the reservoir lining. Two springs 


this 


encountered during construction were drained by 
system. 

Most of the reservoir is built on an exeavated area of 
chert Where fill 
made by scraping nh fine rock and clay mixed, depositing 


this in 


and sandstone. Was necessary it was 
t-in. lavers and thoroughly compacting each layet 
by rolling with a 5-ton steam roller. Before placing this 
fill, all soil and soft material were removed from the area 
that was to be covered. This surplus, together with the 
material excavated from the site, was removed bevond the 
roadway which surrounds the reservoir, covered with fer 
tilized loam and planted to grass, thus giving added sta 
bility to the embankment. 

Outlet pipes, which are used also for filling the com 
partments, are 20 in. in diameter. They are in tunnels 7 
ft. high and 7% ft. wide in the clear, lined on the bottom 
with 6 in. and on the top and sides with 13 in. of 1:2:5 


conerete reinforced. The overbreak was filled with spalls 


and 1:3:6 conerete. The tunnels are of such depth 
that the pipes in them will run full until the reservoir 
is entirely empty. The tunnels also contain 10-in. pipes 
connecting to the subdrains and to the sumps in front of 
the 


reservoir bottom. 


the forebays, allowing removal of any silt or mud 
that may collect in the 

Regulating gates for each compartment consist of two 
2x3-ft. sluice gates in the forebays, and a 20-in. gate valve 
on each outlet pipe. The water passes through four-mesh 
brass wire screens and the gates can be so regulated that 
in case of trouble with either main outlet pipe, water can 
he taken from either compartment through the other out- 
let pipe. For this purpose a 20-in. connection is provided 
between forebavs and also between gate chambers. These 
connecting pipes are in tunnels and are embedded in the 
concrete which completely fills the remainder of the tun- 
nel space. 

When first constructed, considerable leakage occurred at 
the specially designed expansion joints. This leakage has 
been completely eliminated as later deseribed in this 
article. 


PUMPING STATIONS 


For ordinary fires fresh water is better adapted than 
salt water as it causes less damage to perishable goods, 
and is as efficient in extinguishing flames. The system 
will, therefore, be operated with fvesh water unless the 
supply is cut off by breaks in the mains due to earthquake 
or other contingency. In such an emergency, pressure in 
the pipes can also be maintained by two salt-water pump- 
ing stations, which are an integral unit of the auxiliary 
supply. Sites for the buildings were chosen at two loca- 
tions miles apart in different parts of the city where a 
hard rock formation existed in proximity to the Bay shore 
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line. This precaution was taken because, in an earth- 
quake, vibration is ordinarily less in areas where the 
foundation is rock. One station is located at Second and 
Townsend St., the other on the United States military 
reservation at Fort Mason, Both buildings are of heavily 
reinforced conerete with a steel frame and are designed 
to withstand severe earthquake shock. The Townsend 
St. station is ina manufacturing district where tall chim- 
neys predominate, Special care was taken in designing 
roof trusses that would be unaffected by the impact of 
falling cornices or chimneys, Both stations are adapta- 
tions of the Mission style of architecture, ornamentally 
finished. 
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The equipment of the Townsend St. station consists of 
four Curtis turbine-driven centrifugal pumps, each eapa- 
ble of supplying 8000 gal. per minute at a pressure of 805 
Ib, per sq.in. ‘They are of the noncondensing type, 750 
hp, 1800 rpm, Bight 350-hp, Babeock & Wilcox 
hoilers supply steam to the turbines, The remainder of 
the equipment comprises one 10-kw, clectric-light engine, 
two feed pumps, two oil pumps, two feed-water heaters, 
with appurtenances, Six fresh-water reservoirs were con- 
structed below the floor of the building in order that a 
supply of fresh water for the boilers could be maintained 
continuously, independent of the supply from the Spring 
Valley Water Cos mains, ‘The fresh water and oil stor- 
age provided is suflicient to operate the entire station for 
96 hours without receiving additional oil or water from 
outside the station, Space has been provided for the in- 
stallation of two additional batteries of boilers and two 
additional pumps, should it be considered desirable at a 
later date to increase the capacity of the plant. 

A reinforced-concrete suction conduit leads from  be- 
neath the pumping station down Townsend St. to the 
water front, where it connects to the bay below the level 
of low water, Through this the salt water is supplied to 
the pumps, 

Two independent 20-in. cast-iron discharge pipes lead- 
ing from the station to the 72 miles of main are laid, one 
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on Second St. and the other on ‘Townsend St 
St. and Brannan St., so that an accident to , 
will not involve the other. 

The United States Government gave to Sa 
permission to construct Station No. 2 on the 
Fort Mason military post on condition that the « 
supply all the electric current required on the res, 
for lighting and other purposes, As the condensi: 
of engine is the more economical for continuou 
tion, but more expensive in first cost, the pumps 
for Station No, 2 are convertible condensing or i 


densing. ‘Io economize in apace, Stirling boiles 
installed instead of Babeock & Wileox, Othery 
equipment is practically the same as for Station 
As shown on Fig. 1, the two mains leading from | 
Mason station, like the two pipes from the Towns: 
station, follow two independent routes, so that 
dent to one will not affect the other. 

Pumping station No, 1 is maintained with one by 
of boilers under steam constantly, so that immediat 
upon the receipt of an alarm of fire the attendant 
able to start one pump, In a test made by the cli 
the fire department on the night of Aug. 12, 1915 
were lighted under the remaining boilers and the ex; 
service put into operation within 382 minutes afte: 
first signal was received, The Fort Mason station 
also been tested in this manner and the results wer 
stantially the same as at Pumping Station No. 1. 


Pier-DistripurTion Sys7TeM 


Pipe in the distribution system is of cast iron, varyin 
in diameter from 20 to 10 in., with leaded joints, spe 
cially designed to allow the maximum lateral movement 
without leakage. ‘Two types of pipe joint were used or 
for the solid ground in the upper districts, where earth 
quake vibration produces the minimum effect, the othe: 
for the filled-in lower portions of the city, where tl 
movement would be a maximum. For the first location 
hell and spigot pipe was used, while in the districts more 
seriously affected by earthquake, a double-spigot sleeve 
joint, which allows twice as much lateral motion a 
a bell-and-spigot connection, was adopted. Both types a 
shown in Fig, 3, 

Before determining a type of bell best adapfed to with 
stand lateral movement without destroying the perma 
nency of the joint, an elaborate series of tests were cor 
ducted under the direction of T. Ransom, the consulting 
mechanical engineer of this bureau, at the plant of the 
Union Tron Works, of San Francisco, Cross-sections of 
the various types tested are shown in Fig. 4-A. 

For all tests, a special test bell and plug shown in 
the same diagram were used, and regrooved as required 
The plug was fitted into the bell, 1 in. of yarn calked 
into the joint, and the remaining 3% in. poured full o! 
lead, which was thoroughly hand calked with three sets 
of tools of which the faces were 1 in. long and 4% in., a 
in, and yy in. wide, respectively. Water was introduced 
into the bell through a %-in, tap and pressure applied 
hy means of a force pump. Measurements of the leakage 
and movement of the plug were then accurately made. 
The final pressures developed before plugs of the various 
types were forced entirely out of the bell and also the 
pressure necessary to produce leakage are shown in Fig. 
4-B. In Fig. 4-C are indicated the distances that plugs 
were forced out of bells. The relation between bending 
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is and corresponding distortion at the end of a 


nove 
f{ th of pipe are given in Fig. 4-D and the relation 
leyhave to pressure is shown in Fig, 4-K, 
0 ic basis of the above tests, the joints shown in 
Kiy were adopted, as this type allowed the greatest 


listortion with the least leakage. 
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Fig 4F—Device for 
Testing Pipe for 
Leakage after Lay 
ing 





(4-A) 
Figs, 4-A vo 4-E. 


Erriciency Tests oN Pirr BELL 


Pipe was supplied by the United Cast Tron Pipe Co. 
at a price of $19.90 per ton for bell-and-spigot, and 
$20.50 per ton for double-spigot pipe, f.0.b. cars at Bes- 
cemer and Anniston, Ala. With the exception of the 


ENGINEERING 






Distance Plug was forced out in Inches 
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contorm 
to the specications of the New Kngland Water-Works 


special design of bell already noted, it closely 


Association, [It was tested at the factories by R. W. tlunt 
& Co. On its arrival at San Francisco each piece was 
subjected to a pressure of twice the intensity to which ut 


would be stressed in the system, and every defective 


pape 
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Whi 


stored in the municipal pipe yard, and supplied to the 


renuainder Wa 


discovered at the time was rejected 
Various contractors as needed 

Pipe laying was performed under seven different con- 
tracts, The city supplied pipe, lvdrants, valves and ail 


ApPPurlenances, Mach contract Was in charge of ania 


Istanl cheineer assisted bv as many Inspectors as were 
necessary to mesure the fulfillment of the specifications, 
For lowering large sized pipe into the trench, a steam 
Due to the existence 
the of the 


trench and because the hoist proved cumbersome on heavy 


homt was first used experimentally. 


of numerous small service pipes across line 


evrades and blocked tratlic on crowded streets, this method 


was not efficient. A pipe tripod was tried and found 
of the 
shown in Fig. 5 equipped with a triplex hoist-block was 


finally used with excellent results, 


unsatisfactory, so a framed horse dimenstour 
On sleep vrades it Was 
frequently necessary to point some bells down hill. Such 
joints were made with lead wool and when properly 
calked gave entire satisfaction. After several blocks of 
pipe were laid and calked, the trench between the joints 
was backfilled, and the bells left exposed. 
then tested, the test pressure varying with the class of 


pipe, as follows: 


The pipe was 


Test Pressure, 


Clase of Pipe Used for Head of Lb. per Bq In 


Gaull 600 to 760 ft is 
bh 5OO to 000 ft 100 
2 100 to 500 ft 350 
D 300 to 400 ft 300 
Cc 200 to 900 ft 2h) 
B 100 te 200 ft 200 
A 0 te 100 ft im” 


Pipe to be tested was filled with water and the specified 
pressure applied by means of a double-cylinder force 
pump. This pressure was maintained for 20 minutes, If 
during that period the additional water introduced to 
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keep the pressure constant exceeded 0.0055 gal. per lineal 
foot of pipe joint under test, the contractor was forced 
to recalk all joints that gave any evidence of leakage. 

The first tests were performed between adjacent valves. 
lor large mains a pressure of 450 |b. per sq.in. would 
invariably move the valves outward along the adjacent 
pipe. In soft ground it was exceedingly expensive to pro- 
vide a backing sufficiently solid to hold the valve abso- 
lutely rigid in place. It was highly essential that there 
should not be the slightest motion of the valve outward 
along the spigot of the pipe inserted into its bell, for if 
motion oecurred, then when pressure was put on the 
opposite side of the valve it was forced back, with a con- 
sequent serious leak. 

To obviate this the special type of test plug shown in 
Fig. 1-F was designed by this office. The plug Was pro- 
vided with a rubber-cup gasket, as shown, and a tap 
through which the pipe under test was filled with water. 
The plug was braced in place against a suitable timber 
hacking. It was not necessary that the backing be abso- 
lutely rigid for the only motion under pressure would be 
a slipping of the plug outward, which caused no incon- 
venience ; for even when the plug slipped several inches ‘it 
held pressure without leakage. The same gasket could be 
used for a number of tests, and when worn or injured, 
could be removed and a new one substituted. 
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A notable feature of the pipe-distribution system Is its 
division into independent units by a series of gate valves. 
These units are generally one block in length with a valve 
at both ends. The pipe system is laid out as a gridiron 
so that in case of a break any block or any number of 
blocks can be cut out by closing several valves and the 
remainder left in perfect working condition. An addi- 
tional precaution was taken in the lower filled-in areas, 
where the effect of earthquake vibration is much more 
pronounced. The gridiron pipe layout that supplies this 
area is connected to the remainder of the system at 
numerous locations, but at all except one of these connect- 
ing points, the valves are kept closed. Thus, in the event 
of a serious fire, the chief of the fire department, by order- 
ing these valves opened, will have available as much water 
as in any other part of the system; but in the event of an 
earthquake destroying any of the pipes in the filled-in 
district, the entire area can be shut off from connection 
with the rest of the system by closing only one valve. 

In all 889 hydrants, each having three 314-in. outlets, 
are connected to the distribution mains by 8-in. branch 
pipes. The hydrants are all fitted with shut-off king 
valves below the surface of the street and with auxiliary 
nozzle valves on each outlet. To provide for repairs on 
hydrants, an additional valve is located on the 8-in. 
branch lines leading to them. The hydrants were manu- 
factured by the Union Iron Works Co., of San Francisco, 





from designs similar to those of the hydrant 
New York City. 

The excellence of the workmanship on Sar 
high-pressure pipe system is illustrated by a 
with New York’s fire system. The latter con 
miles of mains, which are maintained unde) 
of 30 lb. per sq.in., and from which the leakav 
imately 850 gal. per minute or 1,200,000 pe; 
San Francisco system contains 71.81 miles i! 


average pressure of 200 Ib. per sq.in. is maint 


the leakage is only 152,000 gal. per day, equi 
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Fig. 6. REINFOoRCED-CONCRETE FIRE CISTERN 


leakage of only 59,000 gal. per day under a pressure © 
30 |b. per sq.in. Since the length of pipe in the Sai 
Francisco system is only 71.81 miles, and that in th 
New York system 105 miles, this 59,000 gal..per day i: 
71.81 miles of pipe is equivalent to 86,000 gal. per day 1) 
105 miles of pipe, or the leakage per mile in San Fran 
cisco’s system is only 7.2% of the leakage in the New 
York system. 


CISTERNS 


Beside the pipe distribution system, the auxiliary water 
supply includes 135 underground cisterns, from whic! 
water can be pumped in case high-pressure mains ar 
ever disabled. Numerous brick cisterns existed at tl 
time of the 1906 disaster, but they had not been main 
tained and their location was unknown to the fire depart 
ment. Had they been in condition and full of water, th: 
fire could have been confined to a very much smaller area 
Fifty of the old cisterns have been repaired since 1‘) 
and are now in first-class condition, and 85 new cister)s 
of reinforced concrete have been constructed. These a! 
built beneath the surface at street crossings, and thei! 
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s indicated by a distinctive type of pavement 


= ieir perimeter. The top and bottom are diverg- 
‘ng domes, as shown on Fig. 6. The average diameter 
a and the average capacity 75,000 gal. All are 
‘en ily reinforced and designed to stand vibration. 
Kor reason no pipes for filling or emptying are rig- 
dly connected with the cisterns, as they might exert a 
Via ng force. ° 

\ cords of underground structures were destroyed 


s. It was therefore necessary, before locating a 
aster!) on any corner, to make a complete underground 
rvey of the immediate locality. This was done by dig- 


vil ploration trenches and platting the information 
obt d. 
That the eisterns can stand vibration without injury 


was sown conclusively. During the construction of one 
of them a heavy rainstorm occurred and floated it about 
« ft. above its foundation. After the storm the water was 
drained away and the structure settled back on its foun- 
dation. A careful investigation failed to reveal the 
sjightest injury, and when the cistern was filled with 
water no leakage could be detected. 

At high-pressure hydrants no fire engines are required. 
The engines are retained, however, for use in districts not 
covered by the high-pressure lines, and also for pumping 
from cisterns. 


FIREBOATS 


\dditional protection to the water front and shipping 
is afforded by two which are 
structed with steel hull and deck house. Their dimen- 
Length, 120 ft.: beam, 26 ft.: draft, 11 ft. 
Kach boat is fitted with two Babcock & Wilcox water- 
tube boilers, which have an aggregate heating surface of 
D100) sq.ft. 


interests fireboats, con- 


siolis are: 


The propelling engines, of which there are 
two for each boat, are 15x28x20 in., of the compound-con- 
densing type. The speed of each boat is 12 knots per 
hour. Each is equipped with two Curtis steam turbines 
two-stage turbine pumps, which nominal 
capacity of 9000 gal. per minute against a pressure of 
150 Tb. per sq.in. 


and have a 
The fire-fighting equipment consists 
of three 3-in. monitor nozzles, two 2-in. monitor nozzles, 
and twenty 31%4-in. hose connections. 

When tested by the committee on fire protection of the 
National Board of Fire Underwriters in 1910, the actual 
capacity of one of these boats was found to be 9870 gal. 
er minute against a pressure of 150 lb. per sq.in., and 
10,310 gal. per minute against a pressure of 139 lb. per 
sq.in, 

Pipes have been run out on the dock and manifold con- 
nections attached so that in case of necessity the two fire- 
boats can pump into the mains of the high-pressure sys- 
tem, and supply 10,000 gal. per minute at a pressure of 
300 Tb. per sq.in. 


Fire-ALARM SYSTEM 


In connection with the auxiliary water-supply, a new 
‘ire-alarm system has been installed. Wherever possible, 
cables were laid in vacant existing ducts. On many 
streets, however, it was necessary for the city to lay its 
own conduits. These were installed in the same trenches 
and at the same time as the high-pressure pipes. 

Ducts were of creosoted wood, 41x41 in. square, with 
1¥4-in. ereosoted cover planks. Both single- and multiple- 
duct conduits were laid, depending on the number of 
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intervals, hold them together. 
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cables to be provided for. In each block they terminated 
at valve vaults or vaults of either of the operating tele- 
phone companies. In laying the ducts, before driving the 
tenon into the mortise, it was thoroughly painted with 
asphalt and then driven completely home, in order to 
secure a water-tight joint. Multiple ducts were laid so 
as to break joints both horizontally and vertically, and 
collars of 144x4%-in. creosoted plank, spaced at 6-in. 
Upon the completion of 


each block, a mandrel 3 ft. in length and 14 in. smaller 


Fig. 7. . OurLer Prees rrom Twin PEAKS RESERVOIR 


in diameter than the normal size of the duct, was drawn 
from manhole to manhole. Duets through which this 
could not be drawn were taken up and relaid by the con 
tractor at his own expense. 

The central fire-alarm station is situated in Jefferson 
Square, at the intersection of Turk and Octavia St. 

Especial care was taken to provide a location for this 
building which would be as nearly as possible free from 
fire hazard. This was the reason for selecting its site in 
the center of a public park. All material incorporated 
in the station is absolutely fireproof, no wood whatever 
having been used in its construction. Further, no gas was 
brought into any portion of the structure where an explo- 
sion could cause damage to the fire-alarm ‘equipment. 
Hot-water heat is provided by a gas heater, but this ap- 
pliance, together with a gasoline-engine driven generator, 
is separated from the rest of the building by a 10-in. rein- 
forced-concrete wall. 

All alarms from street boxes are received at the central 
station on telegraph sounders and registers. The street 
boxes are arranged to sound in their number four times. 
After receipt of the number twice, the operator attending 
the box circuit calls the number of the box to the operator, 
whose duty it is to send the alarm to the engine house. 
He in turn transmits the number four times; twice overt 
a tapper circuit and twice over a gong circuit. The tap- 
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cpt cat. soeaitnt 


per circuit is arranged for quick action and sends a prac 


tically silent alarm. which is received at the engine houses 


se sensi 


on a small bell. The gong circuit confirms the informa- 


tion transmitted over the tapper wire. This arrangement 
of operation is known as the manual system, no provision 
being made for the transmission of alarms directly from 


fire-alarm boxes to engine houses. 


The central-station switchboard comprises 41 panels. 


All are not equipped at the present time as provision has 


heen made for growth. The switchboard proper is 102 































Fig. 8. Pumps 1n TOWNSEND St. STATION 


































ft. in length, and when fully equipped will handle 88 
box or signal circuits, 16 tapper, 16 alarm and 16 joker 
circuits, together with hospital panel for 12 signal cir- 
joker 


The hospital service provides for the transfer 


cuits, 2 tapper circuits, 2 alarm circuits and 2 
circuits. 
of any circuit from its regular position in the board to a 
separate panel, where it will be supplied with the neces- 
sary current from a motor-generator set, one such ma- 
In this 


way, grounded or crossed lines can be entirely isolated and 


chine being supplied for each hospital circuit. 


connected to a panel provided with special equipment for 
the treatment and operation of crippled lines. 


The source of power is a storage battery of 250-ampere- 
hour capacity. From this battery are driven dynamotors 
through which power is furnished to the various circuits. 
Current for four lines is taken from each dynamotor. 
This arrangement was made in order to insulate the lines 
from each other and the battery from the ground. 


Particular care has been taken in laving out the device 


for charging the storage battery. Provision has been 
made to charge it from the direct-current mains or the 
alternating-current mains of the two different companies. 
Further safety has been secured by the installation of a 
gasoline-engine driven generator, which, in emergency 
cases, can be used to supply current for the battery and 


lights for the building. 
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Reparr or Twin Peaks Reservor 


As previously noted, when first complet: 
with water the leakage from Twin Peaks res 
excessive. From a single compartment there \ 
of more than 2,000,000 gal. daily. During th: 
this leakage was entirely eliminated. 
first 


. ° . . 
which was done with a plowshare mounted ; 


The hit 
lowed was to remove the defective as)}); 
and moved along the joint by means of a wind; 
cakum originally placed in the joints was ney 
below the bottom of the concrete and left embed: 
The j 
then shaped with hand chisels and a cavity in 


loose rock surrounding the underdrain. 
1 
lying loose rock excavated along the entire lenet 
sides and bottom of the joints were then coat 
paint and when this had dried were filled with a. 
composed of asphalt and infusorial earth. 


For joints in the bottom of the reservoir the cons 
of the mixture was 95% D-grade asphalt with 5°, 
fusorial earth, poured at a temperature betwee: 
and 400° F. Into the slope seams a stiffer mix 
avoid flowing, of 824%4% asphalt and 17144% infu- 
earth was poured at a temperature ranging from 
to 400° F. On top of this a 6-in. strip of felt was 
and ironed down and later mopped with asphalt. 
whole surface of the reservoir was finally coated 
asphalt. 
and joints was extremely 


To secure perfect adhesion between the aspha 
difficult 
stances had to be repeated befcve the leakage was succ 
fully prevented. 
leakage as it 


and in 


several 


The reservoir is now as impervious 


s possible for a conerete reservoir to 
made. 






Fic. 9. Fort Mason Pumptne STATION 
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PLACING REINFORCEMENT IN DoME 


OF CISTERN 


Fu . 10. 


The following is a cost summary for the high-pressure 


-urchase of lands $110,967 
Reservoirs 680,597 
369,208 
837 693 
23,856 
2,425,365 
65,307 
07 2,102 
232 ) O64 


i 
I 
Fi 
Pump stations. 

Pipe yard grading and equipment 
Purchase of 90 miles pipe and valves 
Unloading and storing pipe and valves 
Laying 72 miles of mains. . 
Engineering and overhead 





Total $5,718,059 


COST OF CONSTRUCTION OF MAINS 
Figures include only the wages of foremen, mechanics and laborers immedi- 
ly engaged upon the work. Add 10% for general superintendent, timekeeper, 
watehmen, service wagon, and depreciation and repair of tools. The total cost © f 
construction to the contractor will be obtained by adding the cost of all materials 
sed, and the overhead expense, including office expense, liability insurance, ete 


LABOR, AS ESTIMATED BY ENGINEERS IN CHARGE (¢ 
CONSTRUCTION 


COST OF 


1. TRENCH WORK: 
temoving pavements having concrete base, $0. 06 per sq.ft. 
Removing pavements without concrete base: not counted separately, as cost 
was found to be practically equal to that ‘of an equai volume of ordinary 
digging 
Excavating and backfilling trenches and removing surplus excavated material 


Labor Cost per Cu. Yd 


Congested Average 
Nature of Ground District Conditions 
Sand, about one-half lagged $1.10 $0.95 
Sandy clay.. 1.25 1.10 
Hard clay. . 1.40 1.25 
Soft rock (shale, red chert) . 1.40 
Hard rock (gadding, some blasting) $4.00 $6.00 


2. LAYING PIPE (Not including setting valves and hydrants) : 


Cost of Labor, per Foot 


Kind and Size of Pipe Hauling Laying Calking Testing Total 


Congested district: 
Bell and spigot et: 8-in. (hydrant 


connection; all joints bolted).... $0.05 $0.17 $0.25 $0.02 $0.49 
SOA, ..06s8s at 0.06 0.16 0.11 0.02 0.35 
12-in... 0.07 0.17 0.11 0.02 0.37 
14-in a 0.09 0.26 0.12 0.02 0.49 
16-in 0.11 0.19 0.16 0.02 0.48 
18-in 7 0.12 0.25 0.14 0.02 0.53 
Spigot pipe, sleeve joints: 
1(-in.... 0.07 0.13 0.14 0.02 0.36 
12-in 0.08 0.13 0.17 0.02 0.40 
14-in 0.10 0.13 0.20 0.02 0.45 
16-in 0.12 0.23 0.21 0.02 0.58 
1S-in 0.14 0.15 0.24 0.02 0.55 


Average Conditions: 


Rell and spigot ali S-in. (hydrant 
connections; all joints bolted) $0.03 $0.29 $0.12 $0.01 $0.45 
12-in. 4 0.05 0.06 0.07 0.01 0.19 


pe ee 0.07 0.09 0.08 0.02 0.26 
16-in...... 0.08 0.10 0.12 0.02 0.32 
18-in ‘ ‘ 0.10 0.19 0.14 0.04 0.47 
Spigot pipe, sleeve joints: 

12-in cs 0.06 0.11 0.14 0.02 0.33 
16-in bee 0.09 0.06 0.15 0.03 0.33 


Note: Cost of calking, per joint, was as follows 


Congested District Average Conditions 
$0.90 


Sin. joints........ $0.90 
10-in. jomts. 0.85 
12-in. joints........ 1.00 0.78 
14-in. In...... ‘ 1.10 0.90 
16-in. joints........ 1.25 1.23 
18-in. joints... .. 1.40 1.44 
3 SETTING GATE VALVES AND HYDRANTS: 

8 in. gate valves, each $4.50 
10-in. gate valves, each. 4.50 
12-in. gate valves, each. 6.00 
14-in. gate valves, each. . ‘ 7.50 
16-in. gate valves, each... . . 10.00 
Hydrants, each...... cWavg vas a 5.00 
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Fig. 11.) Fire Crsrern 


TION 


DURING CoONSTRUC- 


1. MISCELLANEOUS ITEMS 
Setting manhole castings 

Bolting joints « 
Concrete valy 


$7.00 per tor 
$24.00 per tor 

$9.60 pe recu.vd 
$14.00 per ton 

$0 036 per duct-foot 


if pipe lines 

* vaults—labor only 
Setting reinforcing steel in valve vault 
Laying cieosoted wooden telephone duct 


5. WAGE SCHEDULE, per day of eight hours 

Superintendent $ 6.00 up 
Foreman $ 4.00 to $5.00 
Straw bos $ 3.50 to $4.14 
Calker and yar $ 4.00 
Leadman $ 3.00 to $3.50 
Laborer, watchman $ 3.00 

Team and driver, 4- horse $10.00 

Team and driver, 2-horse $ 6.00 

Team and driver, 1-hors« $ 4.50 


Costs of Sam Francisco Sewers 


Sewer construction work has been financed by two bond 
The first, in the sum of $7,248,000, bearing inter 
est at the rate of 344%, was voted in 1903. Owing to the 
low rate of interest only $1,449,600 could be realized from 
254.800 


issues, 


the sale of these bonds so in 1908 bonds worth $5. 
were canceled, unsold 
having a value of $43,600. 


leaving and uneanceled bonds 

In the same year a new issue to the amount of $4,000,- 
000 was authorized on which interest at the 
was paid. Practically this entire 
of, at a premium amounting to over $300,000. To com- 
plete the system $4,000,000 additional will be required. 

Accurate cost data on all construction work were kept 
by the Bureau of Engineering. 


rate of 5% 


issue has been disposed 


The following is a typical labor-cost summary for an 
&-ft. circular reinforced-concrete sewer built between elec- 
tric-car tracks in a street within the commercial district 
(Howard St. from Second St. to Fourth St., a distance of 
1650 ft.) 


UNIT COSTS OF 8-FT. SEWER 

Excavation $7.86 per lin.ft. $0 618 per cu.yd 
Lagging 6.450 per lin.ft. 0.106 per aq_ft 
Forms 1.765 per lin.ft. 0.070 per sq_ft 
Steel 1.480 per lin.ft. 0.028 per Ib 
Concrete 6.915 per in-ft 5.310 per cu.yd 
Brick lining 0.691 per lin.ft. 0.046 per brick 
Finishing 0.348 per lin.ft. 0.014 per sqft 
Backfill 2.020 per lin.ft. 0.202 per cu-ft 
Miscellaneous 0. 567 per lin-ft 

Total $28,096 per lin ft 


Dur- 
ing construction the street was left open to vehicular traf- 
fic. Ordinary labor was at the rate of $0.3714 per hr. 
and superintendence at $0.50 and $0.625 per hr. 

A description of the sewerage system of the city appears 


The pavement consisted of basalt blocks on sand. 


on p. 305. 
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San Francisco’s Future Water- 
Supply: Hetch Hetchy Project 


As carly as 1865 San Francisco realized the necessity 
of an extensive program of water-supply development, 
Subsequently the several city administrations considered 
various phases of the matter and it was soon evident that 
the local peninsula sources would be inadequate for the 
ultimate needs of San Francisco. 

The water-supply at and near San Francisco Bay is 
quite limited. The local sources are drawn from the 
Coast Range of mountains, which in general is less than 
3000 ft. in elevation and in the region of San Francisco 
Bay roughly parallels the Pacific Coast. 

The rainfall of the Coast Range is quite meager and 
is confined to the season from December to March, in 
clusive, the remaining months of the year being prac- 
tically a period of drought. There are also seasons when 





Fie. 1. Lake ELEANOR 





even in the rainy months the rainfall is small, and to safe- 
guard the water-supply against these annual periods of 
drought and further provide against the occasional sea- 
sons of very low rainfall and other uncertainties, enor- 
mous storage must be provided. 

East of the Coast Range lies the San Joaquin Valley, 
about 45 mi. in width, which separates this range from 
the Sierra Nevada Mountains. These form an extensive 
mountain chain, constituting a considerable portion of 
the eastern boundary of California. Here the rainfall 
is quite prolific, and the runoff of the many streams 
draining the western slope of this range is considerable. 
It is to this locality that San Francisco has finally turned 
for future protection to augment its inadequate local 
sources of water-supply. 
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The first extensive study of the sources of wate; 
for San Francisco was made in 1900, when the 
propriated $50,000 for this purpose. On the basic 
studies then made of twelve separate projects, 
selected the Tuolumne River as the most feagj 
most economical source. 

THE Source or Suppry 

The drainage basin from which San Francisco 
rive its water-supply and power lies near the sun 
the Sierra Nevada Mountains, 150 mi. to the east 
city. It comprises 420,000 acres of the waters 
the Tuolumne River in and above Hetech Hetehy \ 
the territory tributary to Lake Eleanor, and tl 
which drains into Cherry Creek. These waters 
practically entirely in a region of granite roc! 


Ss 


clude a belt of country between altitudes of 3500 
2000 ft. The upper region of the Tuolumne she 


er re 


S duae eae —— 


sists of a series of more or less broad, flat valleys, result- 
ing from glacial scour in past geological history. San 
Francisco proposes to construct and maintain broad, well 
surfaced roads to its holdings in the Sierras, so that tli 
scenic trip there may be made in comfort by automobile-. 
It must be understood that the drainage area compos 
ing San Francisco's Tuolumne River water-supply lic- 
almost wholly within the Yosemite National Park, ani 
the Sierra Forest Reservation. Before any development 
work could be undertaken it was necessary that the cit) 
get proper authorization from the Federal Government. 
This authorization was obtained in May, 1908, being a 
permit issued by the Hon. James R. Garfield, Secretar) 
of the Interior. 
San Francisco’s proposed scheme of development of 
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e is to create storage in the Hetch Hetchy Val- 
Lake Eleanor and elsewhere by means of dams. 


, : : s a view of the Lake Eleanor and Fig. 2 of the 
He letchy Reservoir site.) Under the provisions 
the Uarfield permit, issued in May, 1908, the city was 
req first to fully develop the Lake Eleanor and 
Cherry Creek sources before commencing the construc- 
' he Hetch Hetchy Dam. It was further provided 
n the Garfield permit that the project be submitted to 
the citizens of San Francisco for ratification, and that 
she city should buy up all lands held by private owners 
sround Hetch Hetchy, Lake Eleanor and elsewhere which 
would be necessary for its water-supply. This matter 


was voted upon in December, 1909. The proposition sub- 
mitted to the voters provided for the acceptance of the 
terms of the Garfield permit and for a bond issue of 
g600,000. It was carried by a vote of more than five to 
me. 

The various private land holdings aad water-rights 
were subsequently bought. In January, 1910, the Secre- 
tary of the Interior, R. A. Ballinger, suggested that the 
city show its good faith by a bond issue sufficient for the 
initial development of the Tuolumne sources. Several 
propositions were submitted to the voters, but the one 
finally adopted was for a bond issue of $45,000,000 for 
the construction of the city’s mountain water-supply. At 
this election, out of over 30,000 votes cast only 1200 were 
recorded in opposition. 

In the purchase of lands and water-rights the city 
had spent over $1,500,000, had complied with all the 
provisions of the Garfield permit, and had further shown 
its good faith by an overwhelming vote in providing suf- 
ficient funds for immediate development of its water- 
supply. In 1909, however, Secretary Ballinger practic- 
ally revoked the Garfield permit by commanding San 
Francisco to show cause why certain portions of this per- 
mit, including the right to use Hetch Hetchy Valley for 
a reservoir, should not be withdrawn by the Government. 
The entire question hinged upon whether or not the city 
actually needed the Hetch Hetchy Valley for reservoir 
purposes. After several hearings, at the suggestion of 
President Taft, the entire matter was submitted to a 
Board of United States Army Engineers, composed of 
Colonels Biddle, Cosby and Taylor. Under the direction 
of this Board the broad question of the proper and most 
economical source of water-supply for San Francisco was 
reopened, and all of the various sources, local and else- 


where, were again investigated. In this investiga- 
tion, San Francisco alone spent nearly $300,000 in 


compiling engineering data. Owing to the pressing 
need of other cities bordering on San Francisco Bay, 
whose necessities were common with those of San Fran- 
ciseo, this city undertook the study of the requirements 
of the municipalities of the entire San Francisco Bay 
region. On the basis of these studies, it was found that 
after fully developing all the local sources, there would be 
needed an additional supply of about 400 million gallons 
daily. It was necessary, then, that the Sierra sources, 
or the sources finally selected, should have a safe, depend- 
able yield of over that amount. After a most thorough 
investigation of various Sierra Nevada sources, filtration 
schemes on the San Joaquin and Sacramento rivers, to- 
gether with several Coast Range schemes lying consider- 
ably to the north of San Francisco, the city engineering 
staff again came to the conclusion that the most feasible, 
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economical and adequate source of water-supply was thi 
one previously selected, nameiy, the Tuolumne River. 

In its report to the Secretary of the Interior, the Board 
of Army Engineers fully sustained San Francisco’s con 
tentions as to the adequacy and desirability of the Tuo 
lumne River sources, and the desirability at the present 
time of securing future sources. At the suggestion of the 
Secretary of the Interior, who declined to assume respon- 
sibility, the matter was submitted to Congress. and what 
is now known as the “Raker Bill” was approved by that 
body on Dec. 7 and was signed by President Wilson on 
Dec. 19, 1913. 

In the studies of the various sources of water-supply, 
San Francisco approached the problem with a very broad 
view. The large commercial interests of the great San 
Joaquin and Sacramento Valleys (flanking the Sierra 
Nevadas on the west) were duly considered. In these 
studies, consideration was given to the irrigation needs 
of the adjacent irrigable lands, and only such waters as 
remained after fully allowing for just and reasonable 
needs of the developed districts were deemed available 
for diversion and the use of San Francisco and the Bay 
Cities. On the waters of the Tuolumne River, the Mod- 
esto and Turlock Irrigation districts have prior rights to 
over 2000 sec.-ft. of the natural flow of the stream. These 
districts comprise about 257,000 acres of San Joaquin 
Valley lands, and they were properly concerned in the 
safeguarding of their valley rights. 

San Francisco made a very thorough and careful in- 
vestigation of their needs and has always been liberally 
disposed wherever irrigation rights were concerned. 


OrpDER OF DEVELOPMENT 


Heren Hetony Dam—The first permanent construe- 
tion to be undertaken in this project, aside from the neces- 
sary roads, ete., will be the Hetch Hetchy Dam. This 
will be located on the Tuolumne River at a narrow gorge 
at the outlet of Hetch Hetchy Valley. The structure will 
be of the heavy-masonry type, 300 ft. high and 800 ft. 
long, and will serve to impound 112 billion gallons of 
water. With this storage, even under the most severe 
conditions of draft by San Francisco, the floor of the 
Hetch Hetchy Valley will always be covered by a broad 
long lake, around which there will be a scenic road built 
by the city. 

While the Hetch Hetchy Dam is in progress, work will 
also be started on the conduit at what is known as the 
“Early Intake,” and on the main aqueduct and perman- 
ent power house at Moccasin Creek. 

Earty IntakeE—It is proposed in the future to lead 
the water from Hetch Hetchy Dam to San Francisco 
entirely in closed conduits, but for the present the first 
12 mi. of this conduit down to the mouth of Cherry Creek 
will not be built. The water will be allowed to flow down 
the natural channel of the Tuolumne River to the Early 
Intake. At this point there will be built a temporary 
overflow dam about 45 ft. high and 500 ft. long. This 
will intercept the water released from the Hetch Hetchy 
Reservoir and divert it into a pressure tunnel 1014 ft. in 
diameter. This tunnel, which will be a part of the per- 
manent main aqueduct, will pass through the solid gran- 
ite mountains for a distance of 20 mi. to a forebay reser- 
voir of 2000 acre-ft. capacity, thence to the Moccasin 
Creek power station. The tunnel will be lined with con- 
crete, thus excluding any underground seepage water 
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from the mountains, and at the same time this smooth 
surface will increase the carrying capacity. This tunnel 
will be capable of delivering over 400 million gallons 
daily. 

Power House ar Moccasin Creek AND CHERRY 
Mourn—There is only one power drop in the aqueduct 
line first to be constructed. The power-house site for 
this is located beside the main highway at Moccasin Creek 
and about 141 mi. distance from the city hall in San 
Francisco. At this power house there will be a net drop 
of 1250 ft., which will make available for use at San 
Francisco about 50,000 hp., as a first installation of con- 
struction. 
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units, with reservoirs at higher levels, will be add 
the system. The water from these two sources 
delivered to the Hetch Hetchy Reservoir by me 
crete-lined tunnels about 8 ft. in diameter. 
ConbuiIT To SAN FRANcIScO—As previously stat: 
the first installation the water from Hetch Hetely, R 
voir will flow down the natural bed to the Tuohy 
River for a distance of 12 mi. to the Early Intake: ¢| 
through a 1014-ft. pressure tunnel to the Moceasin ( 
power house 20 mi. below. The aqueduct from this y 
will consist of a concrete-lined tunnel about 12 f; 
diameter, for a distance of 16 mi. to the easterly e 
of the San Joaquin Valley. This valley, which is 
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Fig. 2. Srre or rue Hercn Hercny Reservor ror THe FurureE Watrer-Surp._y or SAN FRANCISCO 


Whenever the upstream twelve miles of aqueduct be- 
tween the Early Intake and the Hetch Hetchy Dam is 
built, another power drop will become available just 
above the Early Intake. At this power house there will 
be a net drop of 1325 ft., which will deliver to the city 
about 60,000 hp. continuously. 

It may be of interest to note that from an energy stand- 
point, one mechanical horsepower is the equivalent of 51 
tons of coal. The great economic value to the nation 
of the future development of 200,000 hp. from this mu- 
nicipal source, without the consumption of coal or oil, 
can easily be appreciated. 

At some future date when the needs of the Bay Dis- 
trict shall demand it, the Cherry Creek and Eleanor 


mi. in width, will be crossed by means of a pipe con- 
duit. The size of the pipe, and whether one large or two 
small ones will be used, are economic and engineering 
problems which present municipal needs have not defi- 
nitely decided. The original plans call for steel pipe 742 
ft. in diameter, lined on the inside with 114 in. of ce- 
ment mortar; one pipe to be laid for the first installation, 
and later a second one parallel to it. More study will be 
necessary to decide on the construction features of this 
portion of the route. 

The San Joaquin River being a navigable stream, will 
have to be crossed by a submerged siphon about 600 ft. 
long. 

At the westerly edge of the San Joaquin Valley the 
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nes will connect with another length of conduit 


De 
.-h the Coast Range of mountains. From this point 
the aqueduct proceeds in a westerly direction, mostly in 
the form of a concrete-lined tunnel, 12 ft. in diameter, a 
dist of 32 mi., to the proposed Irvington Gate House. 
Then the conduit will be carried westerly in the form of 
a pipe (possibly of the same character as the steel pipe 
described above) for a distance of 19 mi. This pipe will 


pe -ubmerged in crossing the head of San Francisco Bay 
at Dumbarton Narrows. Special construction will be 
required to carry it over the marsh lands bordering the 
bay. The conduit will be carried around the head of the 
bay on dry-ground if this is found desirable and econom- 
ical after further detailed study. After the 
hay the aqueduct will rise to a point of suitable elevation 
in San Mateo County, from which the water can flow by 
gravity either into the great storage reservoir of the 
Spring Valley Water Co., at Crystal Springs, or can 
feed branch lines to outlying districts, and a main aque- 
duct line leading directly to San Francisco. 

The valves and connections all along the route will 
be arranged so that the water can ultimately be delivered 
either directly from the Hetch Hetchy Reservoir into 
the municipal distributing pipes without passing through 
any reservoir, or can be diverted into any of the several 
storage reservoirs around the Bay. 

The entire length of the aqueduct from the Hetch 
Hetchy Dam to the city hall in San Francisco will be 
about 170 mi. 

EstrmaTE oF Cost—The first unit of the Hetch Hetchy 
Project will deliver at Irvington Gate House a maximum 
of 240 million gallons daily, and during the periods of 
extreme drought a minimum of 160 million gallons daily. 
All tunnels will be built to their full capacity .of over 
400 million gallons daily in the first installation. 

The cost of this first unit will be above $37,000,000. 
The final completion of the entire project for delivering 
100 million gallons daily to the San Francisco Bay Dis- 
trict will cost about $77,000,000. 

San Francisco at present uses about 41 million gallons 
of water per day from the Spring Valley Water Co., and 
over 814 million gallons from local underground sources, 
making a total daily usage of practically 50 million gal- 
lons, 


crossing 


Calaveras Dam, now being constructed by the Spring 
Valley Water Co., will add about 20 million gallons per 
day to the present supply. This will be sufficient to meet 
the increased demands for a few years only—barely long 
enough to permit of the first delivery of water from 
Hetch Hetchy. 

Due to the completion of the Panama Canal, and the 
exceptional agricultural opportunities in the Sacramento 
and San Joaquin Valley, the growth of the communities 
around San Francisco Bay will be greatly accelerated in 
the next ten years, and the preservation of the prosperity 
of the cities demands that an adequate water-supply be 
made available at the earliest possible date. 

For transporting material to the proposed Hetch 
Hetchy Dam and its vicinity, a road is being constructed 
from Hog Ranch to the dam site, a distance of 9.09 mi. 
The roadbed will be 22 ft. wide, with a maximum grade 
of 4%. The contract for the construction of this road 
was awarded on July 8, 1914, to the Utah Construction 
Co., for the estimated price of $151,500. A contract for 
laying a temporary construction railroad over this grade 
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will probably be let in 1915. About 59 mi. of additional 
roadbed will be graded in 1915 and tracks laid, so that 
materials for construction of the dam and aqueduct can 
be economically transported. 


* 


Garbage and Refuse Disposal 
and Experiences with Imcine- 
eration at San Francisco 


San Francisco, like many other large cities, has had 
considerable difficulty in 
other 


disposing of its garbage and 
that is both inoffensive and 
At the present time ashes, hotel refuse and 
Ka h 
scavenger makes his own terms with the householder and 
pays to the Sanitary Reduction Works, which operates the 
only incinerator within the city limits, the sum of 60¢. 
per ton for disposing of the material he hauls. 

Much of the garbage from hotels and restaurants is 
purchased by hog and chicken ranchers and hauled to 
San Mateo County. A large precentage of the malt refuse 
from the manufacture of beer-is likewise disposed of. 
Stable manure is hauled by vegetable growers to their 
gardens on the outskirts of the city and used as fertilizer. 
Most of the manure from private stables is delivered to 
the reduction works and incinerated. 


refuse mm a manner 
economical, 


rubbish are collected ly licensed scuvenver Wavons, 


Dead animals are 
disposed of by a subsidiary company which operates in 
conjunction with the Sanitary Reduction Works, and re- 
duces the carcasses to saleable materials, such as grease, 
bones and oil. Butcher-shop refuse is for the most part 
treated for the recovery of grease and tankage. 

The Sanitary Reduction Works, which operates under 
a franchise dated Feb. 26, 1896, issued to F. E. Sharon, 
his associates and assigns, for a term of 50 years, had 
the exclusive right to destroy by cremation all house 
refuse, offal, garbage, rubbish, dirt, cinders, bones, and 
other like materials, putrid vegetable matter, fish and food 
condemned as unfit for human food. The franchisé was 
granted for the sum of $2510 and the further payment of 
2% of the gross receipts derived for a term of 15 years 
after the date of the franchise, and 5% for the remain- 
ing term of 35 years. In order to operate its own munic- 
ipal incinerator it was therefore necessary for the city 
to purchase the plant of the Sanitary Reduction Works, 
which it proceeded to do. 

An incinerator formerly owned by this company is lo- 
cated on the block bounded by Rhode Island, Alameda, 
DeHaro, and 15th streets. It was completed and placed 
in operation in 1897. The equipment consisted of two 
furnace units of the Charles Thackaray type arranged in 
four batteries of eight furnaces each. 
be operated independently. 

The dimensions of each furnace are 8x12 ft., and all 
are fed from charging platforms and provided with in- 
clined grates. Smoke and hot gases from the grates dis- 
charge into a metal flue which conveys them to a brick 
stack 250 ft. in height. This provides the natural draft 
under which the incinerator is operated. 

Garbage is delivered into wooden bins, whence it is 
raked and shoveled by hand to a hopper at the vear of 
each furnace ; thence it is emptied on to the grate by men 
on the firing floor who use long rakes for this operation. 

The plant has a nominal capacity of 1000 tons for 21 
hours, but in reality is capable of incinerating only some 


The batteries may 
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750 tons when taxed to its utmost. All iron obtained 
from raking over the garbage is utilized by the Standard 
Manufacturing Co., a subsidiary of the Sanitary Reduc- 
tion Works, for the manufacture of window weights. The 
scavengers, moreover, before delivering the garbage, search 
it for everything of value, such as metals, rags, bones and 
bottles. It is reported that the salvage amounts to $15 
per wagon per month, 

The buildings of the Sanitary Reduction Works are 
not designed or constructed in such a manner that they 
may be readily kept clean. Noxious odors and excess of 
smoke have been the cause of numerous complaints from 
the residents of the neighborhood, which is centrally lo- 


cated, and just on the border of the manufacturing dis- 
trict. For this reason the city undertook to construct and 
operate a nrunicipal plant. 

Before preparing plans and specifications a study was 
made by the bureau of engineering to determine the quan- 


tity and quality of garbage collected in San Francisco. 
The data obtained at that time have been brought to date 
and are here presented as Tables I to V. 


TABLE 1. ‘AVERAGE AND MAXIMUM QUANTITIES OF REFUSE 
DELIVERED AT THE PLANT OF THE SANITARY REDUCTION WORKS 


1914 
Average number of wagonloads per week day 220 
Maximum number of scaneenie per week day 240 
Average measured volumes of wagons, cu.ft 139 
Maximum measured volumes of wagons, cu.ft 239 
Average net weight of loads, Ib 4400 
Maximum net weight of loads, Ib 11,000 
Average volume of loads delivered, cu.ft 150 
Maximum volume of loads delivered by the regular seavengers, cu.ft 450 


TABLE Il, AMOUNT OF REFUSE COLLECTED DAILY IN SAN FRAN- 
CISCO, ITS UNIT WEIGHT AND THE ESTIMATED QUANTITIES 
OF ASHES, GARBAGE AND RUBBISH IT CONTAINS 


Collections Average for the Week 
One Day Unit Weight Collected 
Each Week Estimated Quantities, Cu. Ft of Refuse, ver Week 
for 19 Sue- Lb. per Sew, Tons 
cessive Weeks Ashes Garbage Rubbish Cu.Ft 
4,377 47,232 126,750 29 
3,857 47,962 128,589 27 
3,845 50,911 124,789 
5,216 57,150 118,104 
5,529 65,202 105,862 
4,541 63,083 109,436 
8,210 55,361 111 040 
13,744 58,986 
20,544 64,277 
22,082 51,081 
21,026 51,426 
21,525 57,429 25 
18,054 ore 93,593 
14,728 61,682 91,704 
67,759 97.562 
74,004 85,216 
66,610 97,577 
63,260 93,172 
62,192 96,880 


435 
404 
405 
419 
408 
413 
434 
445 
437 
426 
406 
427 
471 
466 
502 
474 
456 
461 
470 


The average amount of refuse collected per week day for the 19 weeks was 
440 tons. 

The weights of refuse given in the above table were obtained by weighing each 
load separately on a wagon scale as it was delivered to the plant of the Sanitary 
Reduction Works. The volumes were obtained by measuring the canacity of 
the wagons and estimating the excess or deficiency of the volume of the refuse 
contained therein. The quantities of ashes, garbage and rubbish composing the 
refuse were obtained by estimating by observation the relative proportion of its 
components as the wagon loads were dumped into the bunkers. 
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TABLE III. DEAD ANIMALS DISPOSED OF BY REDUCTION AT 
SAN FRANCISCO PER YEAR 


1907 1908 1909 
Horses 1800 1420 1469 
Cows. . 120 100 113 
Dogs. . 4200 3692 5447 


TABLE IV. AVERAGE DAILY DELIVERIES OF REFUSE TO THE 
SANITARY REDUCTION WORKS, 1907 TO 1914 


Average Deliveries, in Tons per Week Day-——— 

Months 1907 1908 1909 1910 1911 1912 1913 1914 

January 389 463 476 504 495 495 526 518 
February 401 497 4 482 404 471 508 504 
March 402 480 4 493 458 472 513 500 
apr : 400 428 43! 460 438 456 520 517 
367 418 X 443 409 446 498 448 

June 333 386 2: 423 399 424 463 482 
July 333-374 5 427 407 427 456 479 
August 362 407 463 464 476 478 453 
September... 355 438 47: 462 470 485 486 Stl 
October ; 437 433 ¢ 474 465 481 481 495 
November 368 428 51 487 434 SOR 518 7 
December 450 448 515 491 477 507 518, 537 
Average for year 383 486.433 5 467 447 471 497 497 
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TABLE V. TOTAL QUANTITY OF REFUSE COLLECTED 


(Estimated from data obtained from the Sanitary Reduction W. 
probable quantities of ashes, garbage, rubbish and manure eo lleete 
from the data obtained by investigation by the board of public work 

Average Total Quantit 

ver Week 

Jay, Tons Tons 
Ashes ‘ 499 
Garbage 229 
Rubbish : 188 
Manure 31 


15,500 
72,000 
59,200) 

9.800 


Total 497 156,500 


A contract for the installation of two incine; 
plants, each with a capacity of 120 tons in 24 hou, 
in the Islais Creek District and one in the North py 
District, was awarded to a New York company in No 
ber, 1910, for the estimated sum of $263,216. Unde 
terms of the specifications the contractor guaranteed : 

(1) That no nuisance would be created in the 
operation of the plant. 

(2) That no odors, obnoxious smoke, or dust would es: 
from the chimney. 

(3) That at no time during the normal operation of 
plant the temperature in the combustion chambers would { 
below 1250° F., and that an average temperature therein of 
least 1500° would be maintained. 

(4) That the residue from the furnaces would be th 
oughly burned hard and be free from organic matters 

(5) That the flue dust collectors, furnaces, and com} 
tion chambers would be so arranged that it would b« 
necessary to shut down any one unit for more than 48 hou 
in any one week in order thoroughly to remove dust 
ashes. 

(6) That the pounds of refuse per hour which would bh 
incinerated per square foot of grate area should not be k 
than that stated in the contractor’s bid (834 Ib.). 

(7) That the average cost per ton of each plant for 
cinerating refuse would not be greater than stated in the cor 
tractor’s bid (profit of 25.5c. per ton). 


On the basis of this guarantee, construction of the Is 
lais Creek Incinerator was begun in 1912. The plant, 
as finally constructed, is housed in two buildings, one 
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Fig. 1. Matn Buripine, Istats Creek INCINERATOR, 
San FRANCISCO 


of which is 54x122 ft. and the other is about 25x54 ft. 
plan. The larger structure (Fig. 1) covers the incin- 
erating apparatus and the smaller contains the clinker 
disposal equipment and bins for the storage of crushed 
clinker. 

Garbage is dumped into a pit situated at the east end 
of the large building. This pit is about 16x30 ft. at the 
top, and 30 ft. deep, the side walls being tapered in toward 
the bottom, so that the width of the pit at a depth of 
25 ft. is only 6 ft. For the remaining 5 ft. the walls 
are vertical. 

Two incinerating units have been installed with a 
nominal capacity of 60 tons per day. Each unit consists 
of a furnace of four cells with separate hoppers, grates, 
operating doors, clinker pit and operating mechanisms 
for each cell. Garbage is lifted from the pit by means of 
a grab bucket operated from an overhead traveling crane 
and delivered to a steel trough situated above the furnaces 
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and extending the full length of both units. In the bot- 
ho trough and over each cell is a steel hopper with 
; he tt vate through which refuse is dumped on to the 
ons rrates. 

H | gases pass from the furnaces into the combus- 
tion chamber of the unit and then into the boiler. After 


leaviny the boiler they pass through a preheater of verti 
cal tubular construction into the dust-settling compart- 


ment and thence through a flue to the chimney and the 
atmosphere. The function of the preheaters is to heat 
the air drawn from the top of the inside of the building 
through a series of pipes or ducts and forced by means 


of an electrically driven fan through other ducts to the 
underside of the grate bars of the furnace and thence 
through the burning refuse to sustain combustion. 

When the garbage and refuse in a cell have been reduced 
to asties and clinker the grate beneath that cell is with- 
drawn and the contents drop into a clinker pit or cham- 
ber below, where they remain until such time as the suc- 
ceeding charge of clinker and ash is ready to be dropped. 
The air from the preheater passes through this clinker 
on its way to the burning garbage and absorbs a consider- 
able quantity of heat, which aids the combustion of ma- 
terial in the furnace. The clinker pit is discharged by 
a hydraulic ram forcing the clinker and ash out of the 
back end of the pit through a door which is opened for the 
purpose, into a closed or hooded car, which serves, by 
means of overhead track and trolley, all the clinker pits 
of both units, traveling the entire length of both settings 
at the back of the units. From this car, the clinker and 
ash are discharged through gates at the bottom into an- 
yther car, which is lifted on an inclined track by means 
of an electric winding engine and wire cable to the top 
of the clinker building, where the contents are automatic- 
ally dumped on to the floor over the crusher mills. A 
view of the clinker alley is shown by Fig. 2. 

The Islais Creek Incinerator equipment also includes 
a General Electrie turbo-generator of 75 kw. capacity, 





Fie. 2, CLINKER ALLEY, SAN FRANCISCO GARBAGE AND 
REFUSE INCINERATOR 


with its switchboard and appliances, two duplex outside- 
packed plunger boiler-feed pumps, one oil-pumping set 
for supplying oil to burners under the boilers, and a hy- 
draulie accumulator with two tiiplex hydraulic pressure 
pumps operated by electric. motors to supply hydraulic 
pressure at about 1250 lb. per sq.in. The hydraulic pres- 
sure is used for the operation of the top gates over the fur- 
aces, the grates in the furnaces, the rams for discharging 
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the clinker pits, and a press for baling tins rejected from 
the clinker screen. The hydraulic pumps and accumula- 
tor are located in the clinker building. The venerator 
supplies the electric current for aperating two fan motors, 
one for each unit, the crushing rolls and screen, the in 
cline car, the sump pump, the hydraulie-pressure pumps, 
all the cranes and for lighting beth buildings. Fig. 3 is 
a view of the pumps and motors. 

In the clinker pit is a dumping floor for the incline 
car above mentioned, a set of crushing rolls and a re- 
volving screen which receives all the products from the 
crusher and delivers the various sizes of material to differ- 
ent bins beneath the screen. The screen and crusher rolls 
are driven by a motor and appropriate drive shafts, belts 
and chain gear. The bins beneath the screens are large 
enough to hold approximately one day’s run and the prod- 
uct from the several bins may be drawn through gates 
and chutes into railway cars or carts as desired. The over- 
flow from the screen, consisting principally of tins with 
some pieces of clinker, falls into a chute leading to the 
baling-press floor. On this floor is a hydraulically oper- 
ated baling press into which the tins are shoveled and 
compressed into packages or bales about 18 in. in diam- 
eter and 6 in. thick. These have an average weight of 
about 70 Ib. each. The wasted clinker is not baled with 
the tins, but is roughly separated and wheeled out and 
dumped over the hank. 

Dressing rooms, showers and lockers for the men who 
operate the plant are located in the clinker building. 

In August, 1915, the installation of the furnaces and 
mechanical equipment had advanced to such an extent as 
to permit of commencing operations in order to train the 
operators and to discover any minor defects in the ma- 
chinery, and accordingly arrangements were made with 
the scavengers to commence delivering mixed refuse and 
garbage at the Islais Creek Incinerator on Aug. 28. 

The plant was operated intermittently during the 
months of August, September, October, December, Jan 
uary and February, during which time a total of 203% 
tons of mixed garbage and refuse was incinerated in the 
furnaces. 

These preliminary operations demonstrated that the 
machinery and appliances which had been installed for 
the purpose of handling the clinker and ashes would have 
to be entirely remodeled in order to meet the require- 
ments of the specifications and that minor modifications 
in the overhead traveling crane and other parts of the 
mechanical-equipment were necessary. 

The city engineer, therefore, advised the contractor 
that the final tests would not be started until these defects 
should be corrected, so the plant was shut down in Feb 
ruary, 1914, for the purpose of making the necessary 
changes. 


TABLE VI ANALYSES OF SAN FRANCISCO REFUSE DURING 
INCINERATOR TEST 


Grab- Samples Per Cent. of 
Date Tons buckets Taken Moisture Combustible 
Hoisted 
Sept. 23 121.61 181 22 55.9 25.9 
Sept. 24 92.13 132 22 43.1 24.9 
Sept. 25 104 21 10 25 56.5 23.4 
Sept. 26 109 92 143 24 52.9 26.5 
Sept. 28 113.94 162 27 55.4 26.5 
Sept. 29 134.39 188 30 47.7 23.9 
Sept. 30 138.40 180 30 52.5" 25.7 
Oct. 110.85 1 25 48.9 28 0 
Oct. 2 10445 123 20 48.6 27.3 
471.5 231 2 
Average for the nine days 52.4 25.8 


After the required modifications the final test was 
commenced on Sept. 4, 1914, and continued until the 
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evening of Oct. 3, 1914. Analyses of the refuse inciner- 

ated are shown by Table VI and the results of the test 

as a whole are given in Table VII. 

TABLE VII. RESULTS OF CONTRACT TEST OF SAN FRANCISCO 
REFUSE INCINERATOR, SEPT. 4, TO OCT. 3, 1914 


Duration of trial in actual operation, days.. 26.0 
Total burning hours for entire period, hr. 449 0 
Average burning hours per day for 26 days, hr 17.6 
Garbage: 

Received during the period, tons. 2,831.0 

Average for the 26 days per day, tons... 108.88 

Moisture per ton @ 52.4% mean 9 samples, Ib 1,048.0 

Combustible per ton @ 25.8° % mean 9 samples, Ib. 516.0 
Water: 

Average to boilers during burning time, Ib.... 190,085 .0 

Average to boilers during shut-down time, lb.. 10,0600 

Total average to boilers for 24 hours, Ib...... 200,145.0 

Feed-water temperature, deg. F............... 68.0 
Evaporation Equivalent: 

Factor evaporation for burning period, Ib...... 1.264 

Factor evaporation for shut-down period, Ib............ 1.19 

Equivalent evaporation from and at 212 deg. F. for burning 

period, Ib... ae 11,971.0 
Total of equivalent evaporation from and at 212 deg. F., lb... .. 252,238.0 





' 


Steam 
Pressure of ave, mean of 26 days, Ib 148.0 
Temperature eaturated steam, deg. F 365.0 
Temperature superheated steam, deg. F 487.0 
Degrees of superheat, deg. F 122.0 
For generator drive 28.17 Ib. per kw.-hr 9,817.0 
For feed pump 29.55 Ib. per 1000 Ib. steam, Ib 5,914.0 
Available balance for revenue, Ib 236,507 .0 
Power: 
Total output by generator, average for 26 days, kw.-hr 368.5 
For incineration, kw.-hr 348.5 
Cost of incineration 
Assumed revenue from steam at 4c. per 100 Ib. steam $94.60 
Cost of labor 17.6/22 of $66 52.80 
Assumed net profit 41.80 
Cost of incineration per ton of garbage 
Assumed revenue from steam per ton 0. 8688 
Cost of labor = 17.6/22 per ton ‘ 0.4849 
Assumed net profit per ton 0.3839 
Guaranteed profit per ton standard garbage 0.255 
Corrections for excess of moisture minus 0.0538 
Corrections for excess of combustible — plus 0.0896 
Corrected guaranteed profit per ton 0.291 
Difference between assumed net profit and corrected guaranteed 
net profit per ton more than guarantee 0 0929 


Fic. 3. Pumps anp ELectric Motor, SAN FRANCISCO GARBAGE AND REFUSE INCINERATOR 
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On the result of this test the city engineer’s 
quoted as follows: 


re 


The plant does not meet the first guarantee ¢) 
nuisance is created in its normal operation. 

The plant does not meet the second guarantee +) 
odors, obnoxious gases, smoke or dust escape from the 
ing or chimney. 

The plant does not meet the third guarantee in 
quirement that the temperature in the combustion ce} 
shall at no time fall below 1250° F. It does meet thi: 
antee in that the average temperature maintained 
combustion chambers is in excess of 1500° F. 

The plant does not fully meet the fourth guarante. 
the residue from the furnaces shall be thoroughly 
hard and free from organic matter. ; 

The plant fully meets the fifth guarantee that the 
dust collectors, furnaces and combustion chambers s} 
so arranged that it shall not be necessary to shut dow: 
one unit for more than 48 hours in any one week in ord: 
thoroughly remove dust and ashes. 















The sixth guarantee that the pounds of refuse per hour 
which will be incinerated per square foot of grate area shall 
not be less than stated in the contractor’s bid is fully met 

The seventh guarantee that the average cost per ton at 
each plant for incinerating refuse shall not be greater than 
stated in the contractor’s bid is fully met. 


Acting on this report the Board of Public Works re- 
fused to accept the plant for the city. 


~ 

The San Francisco Civie Center, located between Van Ness 
Ave., McAllister, Hayes and Market Sts., is progressing favor- 
ably. This site is ultimately to house a public auditorium, 
the city hall, a state building, a library, an opera house, 
buildings for the fire and police departments and a power 
house, all grouped around a central park covering two city 
blocks. At present the city hall and auditorium are unde: 
construction. The land for the latter was given by the City 
and County of San Francisco and the building was originally 
planned to be a gift from the Panama-Pacific Exposition Co. 
which agreed to furnish $1,000,000 for the purpose. The struc- 
ture finally accepted is to cost $1,200,000, the additional sum 
being appropriated by the city. 
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San Francisco’s Sewerage 
System 


Previous to 1904 San Francisco’s method of sewage dis- 
posal was unsanitary and inadequate. No coérdinated 
evstem had been adhered to in construction. As new dis- 
tricts were opened for habitation a sewer would be built 
independent of previously existing sewers, with no other 
factor influencing its size and grade than to provide for 
the blocks in which it was constructed, and run the line 
down hill te the bay. In some instances beneath street 
crossings large brick vaults were constructed as junctions 
It is difficult to understand what was 
their supposed function. Certainly they were costly to 


for pipe sewers. 
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pervisors appointed a commission consisting of C. FE. 
Grunsky, C. S. Tilton and Marsden Manson to prepare 
plans and submit estimates for an adequate sewage-dis- 
In the construction of the system as it 
exists today the recommendations of this committee were 


posal system. 


followed, with various modifications. 


SEPARATE SYSTEM 


Both the “Separate System,”. im which only domestic 
sewage flows through the conduit, and the “Combined 
System,” in which storm water also enters the sewer, have 
heen constructed, each in the district to which that par 
ticular type is best adapted. 

In the low-level districts of the eastern portion of the 





Fig. 1. 


construct, and served only as collectors of filth that should 
have heen carried away through the sewer. The quality 
of workmanship was exceedingly poor. In many instances 
when pipe sewers were later uncovered it was found that 
no mortar whatever had been placed in the joints. In 
order to economize in the use of pipe, contractors instead 
of inserting the spigot of one pipe into the bell of the 
adjoining one often allowed a space of several inches be- 
tween the two. There were over 125 outlets discharging 
domestic sewage along the waterfront, where it was often 
washed back upon the shore. 

To remedy these conditions, in 1899 the Board of Su- 





RELIEF Map or Main Sewerace System or San FRANCISCO 


city the separate system (Fig. 1) was constructed for 
house sewage. ‘To provide drainage for deep basements 
and a flow free from tidal influence, sanitary sewers were 
laid at considerable depth. It was, therefore, necessary 
to provide a concrete-lined sump and a pumping station 
at Commercial and Drumm St., whence sewage could be 
raised from the separate domestic system into the large 
combined sewer that discharges’ opposite North Point. 
The pumping station is equipped*.with two 6-in.. cen- 
trifugal pumps of vertical-shaft, *balanced-suction type, 
each with a capacity of from 650;to 750 gal. per min. 
under heads varying from 15 to 25 ft. 





306 


The average rate of domestic sewage contributed was 
assumed as 70 gal. per 24 hr. per person or 0.109 cu.ft. 
per sec. ‘The maximum rate of flow was taken as 50% 
in excess of the average or 0.163 cu.ft. per sec. per 1000 
inhabitants. was made for 
vround-water infiltration because even with the best con- 


Besides this an allowance 
struction pipe sewers cannot be made absolutely imper- 
vious. As many of the lower portions of the city, in which 


the separate system has been constructed, are subject to 
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tidal influence, the allowance for ground-water infil- 
tration was liberal, amounting to 0.003 sec.-ft. per acre. 
In the upper districts 0.001 sec.-ft. per acre was allowed. 
That the dilution of San Francisco’s sewage is amply 
sufficient to render it unobjectionable may be seen from 
the following figures: 

Approximate EL7A9. E60, 80 
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\ 5529's [40 
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City Base (67 F+ above Mean High Tice) 
Mean Migher High Tide (60 F_below 
¢ity Datum Pare) 
Mean lower Low Ticle (12.0 Ft. below City Base) 
US. Coast Survey Daturri Pane 


Type of Flexible Joint 
utet Anchored in Concrete 


BAKER’s BEACH OUTFALL SEWER, SAN 
FRANCISCO 


Neen, 2 
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With a population of 1,000,000 the total water con- 
sumption will not exceed 70,000,000 gal. daily or 109 
sec.-ft. This may be taken as the approximate amount of 
domestic sewage that will be daily discharged into the 
Bay. The ordinary tidal prism of San Francisco Bay 
is 97,500,000,000 cu.ft., while the minimum flow from the 
tributary rivers in 7 hr., the duration of an average tidal 
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outflow, is 2,500,000,000 eu.ft. Thus the minimun 
flow through the Golden Gate is 343,000,000.000 
in 24 hr. This varies in proportion to the range o 
which as published by the United States Geologic, 
vey in 1899 is approximately as follows: 


Mean range of tides 

Mean range of spring tides 
Mean range of neap tides ; 
Mean range of great tropic tides 
Maximum range in 24 hours 
Minimum range in 24 hours 


From the above data it follows that the amount o! 
age passing out through the Golden Gate will never os 
| parts in 10,000 parts of salt water and will ordi; 
he less than 3 parts in 10,000. 
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Fias. 4A anp 4B. RAINFALL INTENSITIES AND 
RAINFALL RatEs AT SAN FRANCISCO 


Separate sanitary sewers are constructed of salt-glazed, 
vitrified ironstone pipe, with joints first calked with 
oakum and then filled with a 1:2 cement-mortar. In 
soft ground, piles were driven almost to refusal at 10-ft. 
centers along the line of trench to provide a suitable 
foundation. All pipe on a pile foundation was complete- 
ly surrounded by heavily reinforced concrete. 

Before determining points of outfall for conduits carry- 
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sewage an elaborate series of float observa- 


tions nade. Floats were dropped at intervals, first 
fi ‘ t chore line and later some distance therefrom, 
aie +e entire waterfront. The floats were followed in 
q steam launch and their paths accurately platted. In 
this were gathered many valuable data concerning 
she currents in the bay, through the Golden 
Gat along the ocean beach. A plat of the paths of 


ne series Of floats dropped in the vicinity of Mile Rock 
» the storm outlet of the Lower Sunset sewer is shown 


ta 
the accompanying diagram (Fig. 2). It will be noted 
that out of some twenty floats only one was washed back 
( Nevertheless, on the basis of these observations 
+ was decided to discharge no house sewage into the chan- 


yel at this point, but in dry seasons to pump such sewage 
from the Mile Rock combined sewer and discharge it into 


Golden Gate Straits opposite Fort Point, where it would 
he rapidly diluted and removed by the very swift tidal 
current. 


For this purpose a sewage-pumping station is being 
onstructed at 48th Ave. and Fulton St. The pumping 
equipment will be housed in a reinforced-concrete vault 


wneath the street, 16x2446 ft. in plan and 36 ft. 7 in. 
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high in the clear. The station will be arranged in two 
separate units. Each unit will consist of two 10-in. cen- 
trifugal pumps operated by a 200-hp. vertical motor at a 
speed of 850 r.p.m. The total capacity of the two units 
will be 2000 gal. per min. 

From this station sewage will be pumped through a 
24-in. bell-and-spigot cast-iron pipe against a static head 
of 146 ft., a distance of 6730 ft., whence it will flow to 
the Baker’s Beach outfall. This outlet is located 800 
ft. from the shore line and the discharge is 32 ft. below 
mean low tide. The outfall structure is of concrete and 
is shown by Fig. 3. From the shore to the outlet sewage 
is carried by gravity head through an 18-in. cast-iron bell- 
and-spigot pipe with flexible joint of the type shown in 
rig. 3. When completed a nun buoy will indicate the 
location of the outlet. 
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Section through Foot showing 
feinforcement under Manhole 
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A sanita 


sewer of unusual 


type was laid in tie 
For over a mile the Ingleside 
Lake Merced, 
whence San Francisco derives a portion of its domestir 


water-supply. 


southern end of the city. 
sewer lies within the drainage area of 


The quality of the water from this source 
is not as good as from any of the other reservoirs which 
supply the city. To guard it from further contamination, 
cast-iron pipe was used as a conduit. This was 24 in. in 
diameter, with bell-and-spigot joints calked with 24% 
in. of oakum packing and 11% in. of lead. 

Since the revised system of sewage disposal has been 
constructed the number of conduits discharging domesti: 
sewage into the bay has been reduced to five, and all the 
points of discharge are some distance out from the shore 
line. 


CoMBINED SYSTEM 


>v far the larger area of the city is provided with the 


combined system. In calculating the requisite size of 


combined sewers, domestic and 


For the 
content of domestic sewage the same factors were used 


sewage, storm water 


ground-water infiltration were all provided for. 
as for the seperate sanitary system. For ground-water 
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infiltration 0.002  sec.-ft. infiltration 
sumed. 

In calculating for storm water a careful study was 
made of all existing data on local rainfall and runoff. It 
was found that for a period of 50 years, during only 
22 storms had rain exceeded 2 in. in 24 hr., and only 
once was as much as 4.5 in. in 24 hr. experienced. The 
maximum five-minute rainfall ever known in San Fran- 


cisco was 0.15 in., and for a ten-minute duration 0.17 in. 


acre was as- 


per 


For a period of one hour the most severe rainfall recorded 
gave 0.55 in. On the basis of these data a provision for 
5 in. of rainfall in 24 hr. seemed ample. In Fig. 4A is 
shown the rate curve adopted for storms of various 
duration. 

The storm-water runoff varies with the density of pop- 
ulation. Even in thickly settled districts, where all the 
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streets are paved and almost all the remainder of the area such points that its dilution and removal by tidal « , 
tightly roofed, the maximum runoff seldom exceeds 75% 





will be assured. It is unnecessary and would be ext; 
of the maximum rainfall. For a population of 30 per uneconomical, however, to carry storm water the 


f) 


t acre a runoff of 30% was assumed, and for districts hav- tance to these points of discharge as it would aoe 
ing 100 residents per acre the runoff was taken as 75% conduits of excessive size. For this reason in th 
ee of the rainfall, with an almost uniform rate of increase combined sewers relief outlets have been construct: 

: between these limits. combined sewers below these outlets are suffici. 
Te ai : large for sewage proper, soil water and runoff f; 
HA = rainfall of 14 in. in 24 hr. over the contributing dis: 
1 Flow through storm-relief outlets is ‘therefore infreq 
BH and is necessarily comparatively clean rain water. 
Pl is discharged at ten points along the bay shore line. 
. Storm-water outlet structures are of two types. 
ie 


more common consists of a flat-roofed chamber. \ 
than the sewer proper, and containing two channels 
arated by an overflow weir. One channel is a conti 
ation of the sewer proper; the second leads to the a 
iary storm-water sewer. At times of severe rainf{a| 











A) storm-water excess flows over the weir into the re! 
be 3 sewer and through it directly to the bay. Such a diy. 
Red | sion structure is shown by Fig. 5 and a second ty}. 
| | diversion structure is shown by Fig. 6. 
Storm AND CoMBINED SEWERS IN Eastern Drains 
| ; Fig. 6. Storm-WatTer OvEeRFLOW IN SAN FRANCISCO AREA 
ne SEWER an ‘ . 
The topography of San Francisco is exceeding! 
The time element was an important factor in caleulat- even, as shown in Fig. 1. The city is located at the nort| 
ing conduit capacity and in determining critical points ern extremity of a peninsula 35 mi. in length. On thy 
along a sewer line at which dimensions should be in- west it terminates at the shore of the Pacifie Ocean ai 
creased. Adding from 3 to 5 minutes which it would re- on the north and east is bounded by San Francisco Ba) 
quire for rainfall to reach the conduit to the period neces- A detached spur of the Coast Range divides the area into 
sary for it to flow in the conduit from the most remote two main watersheds, one sloping toward the ocean on tly 
portions of the district to the point under investigation, west, the other toward the bay on the east. Seconda: 
a definite time interval was obiained. The rate curve spurs subdivide each watershed. The eastern drainage 
shown in Fig. 4B was then used to establish the maxi- area has five secondary basins, namely, Visitacion Va! 
mum rainfall for that interval. Assuming that the entire ley, Islais Creek, Mission Creek, the east Bay Shore aud 
A district above the point in question contributed runoff the North Bay Shore. The western watershed is sul) 
Li . . 2 . ‘ . . P 
Hi waters, by multiplying the number of acres therein by divided into three separate basins, namely, the Ingleside, 
al : the number of cubic feet per acre obtained from Fig. 4B, the Sunset and the Richmond districts. 
a 
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Bi) | Fig. 7. IntTertor ViEw Fie. 8. Exrertor View 
Bashi 
i 4 Views or Drviston St. Sewer Overriow, San Francisco 
wt the conduit capacity necessary at the definite point could The largest and most important sewer in the eastern 
i be obtained and the requisite dimensions calculated. A drainage area is the North Point main, over five miles in 
; liberal safety factor was applied to these. length, which extends from the Isiais Creek district to 
| 4 Q W R o the foot of Grant Ave. This is of the combined type and 
# Storm-Watrer RELIEF OUTLETS . y 
3 : . ore serves an area of approximately 12,000 acres, and 80% 
i As already stated it is essential that domestic sewage of the population of the city. Storm-relief outfalls from 
1S be discharged at a considerable distance from the shore, at the North Point main are constructed at the intersection 
4 : 
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wy St. with Islais Creek; at Fifteenth and Har- 
- on Howard St. at Fifth, Sixth and Seventh 
St. “econd and Mission St.; in Sansome St. at Com- 
St., Jackson St. and Greenwich St. 
completed the North Point sewer will be approx- 
. 6 mi. in length. The grade is only 1 ft. in 2000. 
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Fira. 9. Mononititc ComMBiINATION SEWER AND 
TRESTLE, SAN FRANCISCO 


With the large constant volume of flow this will be suffi- 
‘lent. 

A part of this conduit is in tunnel, which extends along 
the line of Sansome St. from Pacific St. to a point beyond 
Union St., a distance of 1409 ft. through metamorphic 
schist and weathered sandstone shale. For construc- 
tion, four vertical shafts were driven 345 ft. apart at the 
street intersections on the line of the bore. Drifts were 
driven both ways from the two center shafts. Concrete 
was mixed on the surface and passed through a chute to 
cars in the tunnel, whence it was conveyed to the head- 
ing and placed by shovel in the forms. 

The most important stcrm-relief outfall in the district 
cast of the boundary ridge 1s the Division St. sewer. This 
-tructure comprises three comp rents, each 8x9 ft. in 
the clear, and has a total capacity of 1800 sec.-ft. at high 
tide. It is constructed in the former bed of Mission 
Creek, which is composed of slimy silt very unsuitable for 
a foundation, and the structure therefore required a for- 
est of piles beneath it to obviate the danger of settlement. 
"he terminal yards of the Southern Pacifie Co. ex- 
tend above the sewer. For this reason it was necessary 
in the design to provide for carrying the weight of the 
heaviest type of consolidation locomotive, with a safety 
‘actor for impact stresses. This outfall has been in use 
‘or several years and there are no signs of cracking or 
settlement, and no infiltration of the surrounding ground 











water. Fig. 8 shows an interior and exterior view of tli 
structure. 

Another large main sewer traverses the northerly por- 
tion of the eastern drainage area. This is laid in Pierce 
St. and serves the northern slope of Pacific Heights and 
the Harbor View district, including the grounds of the 
Panama-Pacific Exposition. A large storm sewer in 
Baker St., disturbed by the earthquake of 1906, has been 
reconstructed to take care of the heavy storm runoff from 
the steep incline of Pacific Heights. As this discharges 
near the shore line, sewage proper is diverted into the 
Pierce St. outfall, which is located beneath the bay at a 
considerable distance from shore. 

A unique type of sewer has been constructed in the 
southern portion of the eastern watershed near Ocean 
View. In this district, although official elevations have 
been established, streets have not been graded. On the 





Fig. 10. View or Mononrriuic Sewer AND TRESTLE AT 
SAN Fr ANCISCO 


line of one street the ground-level elevation is some 30 
it. below the official grace to which it will later be raised. 
It was therefore necessary to build a sewer conduit whose 
invert is over 20 ft. above the ground surface. 

This structure is a monolithic combination of culvert 
and trestle, as shown in vertical section by Fig. 9 and 
by the view, Fig. 10. In its construction the reinforced- 
concrete footings of the trestles were first placed. When 
these had set, the concrete in each bent from the footing 
to the under side of the conduit was deposited in one 
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continuous operation. When the bents had been finished 
the concrete invert was poured, and after the concrete had 
set the invert was lined with vitrified brick. The side- 
walls and top were then placed in one continuous oper- 
ation between adjacent bents. No joints, either horizon- 
tal or vertical, were permitted in the invert, sides or top 
of the culvert except over the centers of concrete trestle 
bents. 

Storm AND ComMBINED SEWERS IN WESTERN Dratn- 
ick Arra—Along the ocean beach the breakers are always 
high and form at a considerable distance from the shore. 
To construct an outfall beyond their influence would be 
impracticable, so the entire storm flow of the western 
drainage area is carried to the northern end of the penin- 
sula through the Sunset District sewer. This conduit 
varies in size from 24 in. to the largest section shown 
in Fig. 11. The lower portion will be in tunnel for 4450 
ft., through a hard sandstone formation. Due to pro- 
tracted controversy with owners of the foreshore before 
the right-of-way for the outfall could be secured, the 
upper sections were built first and the outfall portion is 
now being completed. 

tunoff from all except the very heaviest storms will be 
carried through the tunnel. On occasions of exceptional 
downpour, overflow structures will operate to relieve the 
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rious methods have been adopted by different contr 
A general outline of the plan that proved most ef 
follows: 

Where a pile foundation was required piles wer 
before the trench was excavated. This was not wa 
for when the butt reached the ground level a follow. 
placed upon the pile, which could then be driven . 
as desired and the follower removed. On any 
the average pile cutoff seldom exceeded 2%, 

Excavation was then carried to grade. In soft 
ground an orange-peel or clam-shell dredge wa:< 
most effectively. This would be mounted on tran- 
timbers and skidded ahead as the trench was exces 
In hard ground a steam shovel proved very satisfa 
while in compact clay formation scraper buckets or |) 
ets that were loaded by hand and lifted from the t: 
by a steam hoist were used economically, 

In timbering deep trenches longitudinal rang 
usually 8x8 in. by 16 ft. in length, were braced by s 
in. transverse cross-pieces, and 3-in. tongued-and-gro. 
vertical lagging driven behind the rangers, either \ 
mauls or with a steam lagging hammer. 

In wet ground an ironstone pipe underdrain wa 
with water-tight joints and surrounded with broke 
stone, a 2-in. layer of which was also spread over 1 
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Fig. 11. Types or REINFoRCED-CONCRETE SEWERS, SAN FRANCISCO 


sewer. It is estimated that these overflows will not be 
brought into use more than three or four times a year. 

Two of the subsidiary basins of the western drainage 
area, namely, the Ingleside and Sunset districts, are pro- 
vided with combined sewers that discharge into the Lower 
Sunset main. The total area ultimately contributing 
sewage to the Sunset sewer is 6918 acres. The Richmond 
district has a separate storm-water outlet at Baker’s 
Beach, and sanitary sewage will be carried to the cast- 
iron submerged outlet already described. 

CONSTRUCTION 

The Bureau of Engineering has been particularly suc- 
cessful in securing a uniformly high standard for con- 
struction work performed under its direction. The sys- 
tem of inspection has been rigid but not unreasonable. 
The personnel of the inspection force is exceptionally 
high, being composed almost exclusively of graduate civil 
engineers. Contractors have found that the most eco- 
nomical policy is to perform the work conscientiously and 
with minute regard for detail. Not only has field inspee- 
tion been thorough, but numerous samples of all material 
used in construction have been tested in the completely 
equipped laboratory operated by the bureau. 

In constructing large reinforced-concrete sewers va- 


bottom of the trench. Vertical tees to project through 
the concrete invert were inserted at 200-ft. intervals, in 
order that the underdrain could be filled with sand and 
cement after the completion of the sewer. 

Forms for the invert were then accurately set. For 
the concrete, the specifications provided a mixture of 

cu.ft. of cement to 5 cu.ft. of rock, with enough sand 
to fill the voids in the rock. This was mixed by machine. 
which could be moved along the trench as work pro- 
eressed. Before the concrete in the invert had set steel 
dowels were inserted, to which the reinforcing steel for 
the sides and arch was then attached. The invert was 
lined with vitrified brick, laid flat with a 14-in. cement- 
mortar joint. Extreme care was taken in laying the brick 
invert to exact grade. At 10-ft. intervals one brick was 
set to exact elevation with a wye-level. A string was then 
stretched taut over the grade bricks and a template used 
in laying the remainder. 

Concrete sides and arch were placed in one continuous 
operation. When they were completed and the forms re- 
moved the interior surface was given a brush mortar fin- 
ish. Before any contract was accepted by the city it was 
subjected to thorough inspection by the resident engi- 
neer, the chief assistant city engineer and a member of 
the Board of Public Works. 
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Street Pavements, Roads and 
Boulevards 


\\ ts peculiar topographical features, San Francisco 

to the highway engineer probably as many difli- 
‘o a proper design of pavements as any other large 
American eity. 





Fig. 1. RESIDENCE STREET ON A STEEP GRADE PAVED 
WITH SPECIAL Brick 


GkabDE AND OTHER PROBLEMS—Especially is this true 
in the matter of grades. For example, in one of the most 
thickly populated sections of the city—Kearney St., from 
Vallejo to Broadway—a -block paved with cobbles has a 
vradient of 29.8%. On Fillmore St., where a double- 
track electric-car line is operated, for about two-thirds of 
the distance between Vallejo and Green St., which is 
also paved with cobbles, the grade is 26.5%. On Chest- 
nut St., between Polk and Larkin St., which has just been 
graded, the gradient for part of the block is 55.5%. 
‘There are many paved streets in the city whose gradient 
exceeds 20%. 

A problem of an entirely different nature presents itself 
in that large filled-in section of the city where property 
values are exceedingly high and where most of the large 
lhusiness interests are centered. The prevention of pave- 
ment subsidence is here a serious problem. 

There was little thought for the future in the early 
periods of San Francisco’s development and no well con- 
ceived plan, either in the location, alignment or gradient 





Fig. 2. Typrcat CoBBLESTONE ON STEEP GRADE STREET 
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of the streets, or a proper selection of pavements. Its 
history in this respect is not unique. It is like that of 
nearly every other large American city. Nor were cond: 
tions materially improved until a new city charter went 
into effect on Jan. 8, 1900. 

REORGANIZATION OF PuBLIC Works—Following tli 
adoption of this charter a board of public works was 
established, which in turn appointed a city engineer, and 
only since that time have definite plans in the treatment 
of the city’s pavement needs been followed. 

One of the first steps was to install an uptodate engi 
neering laboratory, equipped with the most modern ap 
paratus for the testing of paving and other engineering 
materials. This department has been constantly im 
proved until at the present time it Is considered one of the 
best engineering laboratories west of the Rockies. 

Many difficulties were experienced in the changing 
from the old to the new methods. The public had to be 
educated gradually. Politicians of the old school did not 
take kindly to the new and scientific way of designing 
and laying pavements. These, together with some of the 
paving contractors, did all in their power to hinder ce 
velopment, but their opposition was finally overcome, 


Tyres or PAVEMENTS 


California being the largest oil, asphalt and bituminous 


rock producing state in the union, it is natural that the 





Fic. 3.) Porrion or JuNrpEro Serra BouLevarp wit 
3-InN. ASPHALT SURFACE 


majority of this city’s permanent pavements should be 
either bituminous rock or asphalt. Availability of supply 
has much to do with deciding the type of pavements that 
predominate in any locality. 

Bituminous Rock—Formerly, the bituminous rock, as 
it came from the mines, was placed in closed kettles and 
reduced to a powder by the simple, though undesirable, 
agency of steam. This resulted in an excessive moisture 
content. 

The material was then spread on the street—with dis- 
astrous results in many cases. No particular attempt 
was made to grade the material properly as it arrived 
from the mines. It was a matter of guess whether on any 
particular block the property owners would get a hard, 
medium or soft grade of bituminous pavement. Often 
the only foundation was a badly drained macadam or the 
irregular surface of an existing cobble pavement. 

This same material is now handled in an efficient man- 
ner, being properly graded and reduced by the action of 
heated dry air. Recently, however, most of the street 
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pavements that have been laid in this city have been of 
sheet asphalt. 

SHEET AspHALr—Some of the chief investigations of 
the chemist in charge of the engineering laboratory have 
been made on California asphalts, asphaltic mixtures and 
various combinations of binders and wearing surfaces. Ev- 
ery effort has been exerted to obtain the best grade and 
combination of ingredients to suit particular conditions. 
After a long series of experiments very satisfactory re- 
sults have been obtained. The following cases will be 
cited as illustrative of the most recent and best examples 
of what has been attained m the use of this material. 

Geary St. PavemENT—On Geary St., from Market St. 
to Van Ness Ave., on which there is fairly heavy vehicle 
tratlic, an asphalt pavement was laid for the entire width 
of the roadway, excepting the header blocks on either 
side of the rails on the municipal railroad, and the 26-in. 
basalt block gutters. 

This pavement was laid on a standard 6-in. cement con- 
crete foundation and consisted of a 2-in. asphaltic binder 
The 


crown was made much flatter than those used formerly. 


course and a 1%-in. asphaltic wearing surface. 


One of the most common mistakes previously made in 
the design of street crowns for asphalt pavements was 
their excessive height, with the inevitable result that the 
material thinned out at the crown and increased in thick- 
ness on the gutter area, as might be expected with the 
Viscous material of this nature under a pressure of traffic 
accompanied by an increase of atmospheric temperature. 
Vhere has been no appreciable rolling or creeping of this 
Geary St. pavement, and none is expected, 

Licnt Trarric Streers—lIn the rapidly growing out- 
lving districts where the traffic is of a lighter nature, con- 
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Fig. 4. Diagram or Street Crowns, SAN FRANCISCO, 


CaAuLir. 


sisting mainly of light motor vehicles and delivery 
wagons, a thinner section of asphalt surface has been de- 
cided upon for recent pavements. For example, ten blocks 


at the western end of Lincoln Way, in front of Golden 
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Gate Park, were recently paved with asphalt 
of a 2-in. asphaltic wearing surface on 
concrete foundation. 


a 6-in. 
This completed the pay 

main trunk road 53 blocks in length, from the Pa 
to the beach. This will be one of the most 
avenues in the Sunset district. 


ry) 
iil 


Fig. 5.. COBBLESTONE PAVEMENT ON 31.6% Grane. 


22np St. AND VickspuRrG St. 


BouLevarps—Another good example of asphalt p: 
ment constructed recently is that along Ocean Ave., fron 
Pivmouth Ave. to its junction with the Junipero Ser 
Boulevard and Sloat Boulevard. This pavement exten 
over the entire width of the roadway, which is 60 
Along the center is a double-track electric road, whi 
leaves a clear width of roadway of 22 ft. on either side o 
the tracks, for vehicular traffic. 

The pavement consists of a standard 6-in. cement con 
crete foundation and a 2-in. asphaltic wearing surfac 
This construction filled a long-felt want, for before it was 
undertaken the above roadway was a series of ruts in thy 
summer and mudholes in winter. The old alignment and 
grade were unsuitable, and it was necessary to substitute 
for many sharp angles and arcs long horizontal and ver- 
tical curves. 

The paving of this stretch of work has transformed one 
of the worst paved streets into one of the best, and has 
contributed to increase property values along its line 
The extreme west end of this pavement terminates at th: 
junction of the Sloat Boulevard and the Junipero Serra 
Boulevard, two of the important trunk lines of the city’s 
rapidly growing boulevard system. 

The most important paving contract undertaken by the 
city during the last fiscal year was the repaving of the 
Junipero Serra Boulevard, a stretch of roadway 1.6 miles 
in length. On June 30, 1914, about three-fifths of the 
entire work has been constructed. 

Before reconstruction this boulevard consisted of a 
macadam roadway 25 ft. in width with a very high crown, 
dangerously low on the sides, and many portions were 
in a more or less disintegrated condition. The road fol- 
lowed in general the natural undulating surface of the 
ground. 

In reconstruction the first step after the completion of 
the survey was to correct the existing grade by eliminat- 
ing sharp verticals and introducing in their place long 
and smooth curves. The grade was straightened as far as 
possible without making heavy cuts or fills which were 
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as the amount of money available for this 


nstruction was very limited. 
“Thy ived portion of the roadway is 25 ft. in width 
with 5-ft. rock shoulders on either side and slopes on fill 
s 11 1. Gutters are 5 ft. wide and 22 in. deep. At 
pet rervals conerete culverts provide for the diversion 
* ctorm water. A flat crown was adopted for reasons al- 
pe explained, and because the longitudinal grade 
am vides for drainage. 

The base is of standard cement concrete, 6 in. thick, 
with the sides raised to 81% in. and made 6 in. wide, so as 
ty inclose the asphalt pavement on top and prevent creep- 
ng. The conerete is covered with asphaltic binder 14% 


k, and over this is a 1-in. asphaltic wearing sur- 
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ments. These bricks are laid on a concrete base and the 


interstices filled with cement mortar containing two parts 
sand to one of 


cement. While this pavement is only i 


the experimental! state at the present time, indications are 


that it will vive excellent results. 
Orner Tyres or Pavement—At the present time 
street specifications are being entirely revised by the City 


iengineer’s otlice and will, 


of the best 


when completed. embrace al! 


modern pavements, including concrete, as 


halt, creosote wood bloc vitrified paving brick, bitu- 


minous rock, basalt block and others. 


Considering thre SCTIOUS hay dicap imposed by previous 


faulty construction and the damage done to pavements 


bv the fire of 1906, San Franecisco’s recent 


prog ress ft} 


pavement has been remarkable. Its paved streets include: 
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The thickness of this pavement is much greater than 
any recommended or constructed by the State Highway 
Commission, and in durability and excellence it will be 
superior to any of the state highways. 

The owners of St. Francis Wood, an adjoining tract, 
have recently received a permit to reconstruct Corbett 
Road, where it fronts on their several properties, for a dis- 
tance of approximately 6000 ft. Contract has been let 
for the laying of an asphalt pavement 40 ft. in width for 
the entire length. This road adjoins -the Junipero Serra 
Roulevard at Ocean Ave., and will be a very desirable 
addition to the Boulevard system. 

A mile or more west is the 19th Ave. Boulevard, one of 
the oldest of the system. It forms a direct connection be- 
tween Lincoln Way and the Sloat Boulevard, and is about 
3% mi. in length. While at present its surface is almost 
entirely of macadam, if the present plans of the Board 
of Works are followed, it will not be long before its entire 
length is covered with a sheet-asphalt pavement similar to 
that described above. 

HArp-BurNep Virrirrep Paving Brick—A_ recent 
innovation has been the selection of a hard-burned vitri- 
fied paving brick with irregular and pronounced kiln 
marks, to replace the unsightly and irregular cobble pave- 





Lurz AspHALT Surracers AT Work 


3,758,300 sq.yd. of bituminous rock pavement. 


1,403,000 sq.yd. of asphalt pavement 

2,233,000 sq.yd. of basalt block pavement 
248,200 sq.yd. of cobblestone pavement. 
10,600 sq.yd. of vitrified brick pavement. 


AsPpHaLt PavemMents—lIt will be 
noticed from the foregoing table that the yardage of bitu- 
minous rock and asphalt pavements is over twice as great 
as the combined basalt-bloek, vitrified-brick and cobble- 
stone surfaces. 


MAINTENANCE OF 


The maintenance of such a large area of 
smooth pavement is a serious problem. 

Since 1913 three Lutz surfacing machines have been 
used with satisfactory results. The cost of resurfacing 
with Lutz surfacers, including repairs and_ royalties, 
amounts to 514c. per sq.vd. The average force required 
for each machine is one foreman at $5 per day, one engi- 
An 
average of 1150 sq.yd. of pavement are resurfaced daily. 

The leased price of each machine is $1800 with the un- 
derstanding that a minimum amount of repair work of 
10,000 sq.yd. per year must be performed. This amounts 
to $500 yea rly. 

The speed with which a street paved with asphalt can 
be resurfaced is of great importance in the business 
section of the city. 


neer at $6 per day and 14 laborers at $3 per day. 



































The Stockton Street Tunnel 
im San Francisco 


On Apr. 11, 1913, a contract was let to the Jacobsen 
Bade Co., for the construction of a tunnel in Stockton 
St., extending from Bush St. to a point 182 ft. south 
of the center line of Sacramento St. Work was begun 
several months later and was delayed by interference 
through the tardiness of various property owners who had 
encroached on the sidewalk space. 

The length of the completed tunnel is 911 ft., 
portal to portal, with an approach 138 ft. 


from 
the 
The arch is oval-shaped 


long On 
north and 275 ft. on the south 
and the width at the springing lines is 50 ft. in the clear. 
Of this width, 36 ft. is occupied by the roadway, in the 
center of 


which tracks for the municipal railroad have 


been laid. A sidewalk 6 ft. 6 in. wide accommodates pe 
destrians on either side of the The height of the 


arch above the curb is 18 ft. in the clear 


tunnel, 


Fig. 1. Norru 


Funds for 
the 
chargeable to each portion of lands within the assess 


the work were obtained by assessment of 


benefited. 


The proportionate amounts 


property 


ment districts were determined by appraisers working 
The 


tax per square foot varied according to the area of the 


under the direction of the City Engineer’s office. 


parcel assessed, its proximity to the portal, the direction 
of traffic, and whatever other local conditions tended to 
influence its probable increase of value. 

Excavation for the approaches was in a clay shale for- 
mation. Three drifts, each 6x6 ft. in the clear, were 
run for the entire length of the bore before any of the 
lining was placed. The rock was next stoped out between 
these drifts and the specially designed timber framing 


set. Due to the flatness of the arch and the small dis- 


PORTAL, 
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tance between the extrados and the ground surf, 
gether with the fact that many deep trenches ha 
excavated in the surface of the street above. thus 

ing the material, practically the whole dead w 
rock between the arch and street surface above jad +4 
supported during construction by the timber Fry 

Concrete stulls 5 in. in 


( 


diameter 
I-beam bent to the curv 
The advantage of using concrete stulls y 


carried the 
of the roof to an 8-in, 
intrados. 
they could be left in their original position w 
overbreak was being filled with concrete, thus mi; 
the danger of a cave-in when the falsework wa 
removed, 

Due to the stated, 


il chimney of loose material caved in the Cust dri ! 


severe conditions above 


porarily blocking progress. A different type of 

lining was then adopted by the contractors. Instea 
the curved steel I-beam, heavy longitudinal crown 
were substituted and these proved perfectly satista: 


SrTockton St. TUNNEL 

the tunnel o1 
cars pulled by an electric locomotive equipped with two 
1714-hp. motors operated at 250 volts. On 
the open cut these cars were run out on an elevated tres 


Kxcavated material was hauled from 


reaching 


tle and discharged into bunkers, beneath which moto: 
trucks could be loaded to remove the material. 

Concrete for the tunnel lining was placed by the pneu 
matic process, a specially designed patented system being 
employed, The mixing plant was located in an open cut 
near the south portal. Sand and stone were supplied | 
gravity from material bins above, into which motor truck 
discharged directly from the street level. The placing 
machine was located about 8 ft. from the mixer. An 
in. discharge pipe led from the bottom of the pneumati 
drum to the section being concreted. The compresso! 
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ity of 1250 cu.ft. of free air per minute, 


had @ ‘ : J 
sinst a pressure of 115 lb. and was driven by a 200-hp. 
against | “a nel a 
motor. ler ordinary conditions a batch of 16 cu.ft. 
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PROFILE, PLAN AND SECTION OF Stockton Sv. 
TUNNEL 
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could be mixed and placed in one minute. A rate of 40 
hatches per hour or about 190 cu.yd. per 8-hr. day was a 
jair average for a steady run. 


* 
The Twin Peaks Tunnel 


On Nov. 2, 1914, a contract for the construction of 
Twin Peaks Tunnel was awarded to Robert Storrie & 
Co., for the estimated sum of $3,372,000. The bore will 
he 12,000 ft. in length and, after its completion in three 
years, will open for settlement one of the most desirable 
residential districts within the city—territory which has 
remained long undeveloped because of inadequate street- 
railway facilities. High-speed trains can traverse the 
tunnel in 6 min., thus reducing from 1 hr. to 15 min. 
the time necessary to reach the districts beyond the 'Twin 
Peaks ridge from Market and Kearny St. 

On account of the increasing traffic congestion on Mar- 
ket St., San Francisco’s principal commercial artery, it 
is generally conceded that the time is not far distant when 
a rapid-transit subway will be necessary under this thor- 
oughfare. With this fact well established, the elevation, 
location and design of the easterly portion of the Twin 
Peaks Tunnel were so arranged as to permit the continu- 
ation of the tunnel as a subway under Market St. For 
the present the tunnel cars will connect directly with the 
surface tracks in Market St. at Castro and 17th St. by 
means of a suitably constructed incline. 

Immediately west of the easterly portal, a large under- 
ground station has been provided, to be known as “Eureka 
Station.” This will ultimately be a transfer point where 
surface passengers may transfer to subway cars, or where 
passengers from a future Mission Tunnel (from Golden 
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(iate Park) may transfer to subway cars and rice versa, 


Only the essential parts of the station will be built on 
initial construction. A steel-beam structure was adopted 
for this section since it affords better opportunities for 
future extensions. Platforms, 300 ft, in length to accom- 
modate four-car trains, connect at either end with stair- 
ways leading to the surface, where they terminate in artis- 
tic kiosks with red-tiled roofs and rough-plastered walls. 


Considerations of grade, headroom and alignment re- 


quire modifications in the grade of Castro St. between 


16th and 17th St. and a shifting of a portion of 17th St. 
near Market. This latter requirement necessitated the 
purchase of a triangular parcel of land at the northwest 
corner of 17th and Castro St. 





LookIna Up Stockton St. rrom Soutu 
Porran or TUNNEL 


The matter of tunnel alignment gave rise to two fac- 
tions. One advocated a route along a straight line be- 
tween the two portals and the other advocated a loca- 
tion following under easy surface grades to the intersec- 
tion of 18th and Hattie St., and thence in a straight line 
to the westerly portal. The latter alternative was adopt- 
ed, and a strip of land, 1956 ft. long averaging 90 ft. in 
width, through the property traversed will be acquired in 
fee simple, thus providing a tunnel right-of-way and a 
surface strip of land for a contour extension of Market 
St. to the crest of Corbett Road, impossible under the first 
scheme. 
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Commencing at the easterly portal, the tunnel will as- 
cend a 3% grade for a distance of 9000 ft. to a summit 
alevation of 436 ft., the gradient being compensated for 
curvature by reduction to 2.8% on such portions. At the 
termination ct this 3% grade, which is the maximum for 
the tunnel. a second station will be constructed, to be 
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known as “Laguna Honda.” The floor of the tunnel! will 
he 62 ft. below the ground surface at this point; from 
here the line will descend on a grade of 1.15% for a dis- 
tance of 3000 ft. to the we.terly portal. 

Two important factors influenced the selection of the 
rate of grade from the easterly portal to the Laguna 


Honda Station: first, the desirability of a station at the 
location adopted for Laguna Honda, and, secondly, the 
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necessity of operating the trains at high rates o 
The second consideration limited the maximum . 
to 3%, while the first required the use of this my. 
in order that the tunnel might be brought wit! 
sonable distance of the surface at the point select 
the station. 
On the surface, and direct! 
the Laguna Honda Station in + 
nel, will be erected a reinforec 
crete building about 100 ft. in 
designed after the Mission sty|: 
chitecture and provided with 
conveniences. Passengers enter 
station may reach the tunnel by 
of six elevators—located three a; 
side of the two lobbies. In case o! 
sible disability of the machiner 
may use the broad central stairw 
scending 62 ft. to the platforms 
An escalator system will also 
stalled. The platforms will be 30 
long, as at Eureka Station, and cei! 
ly located with respect to the escala 
and stairways. There will be two 
forms, each 10 ft. wide, one for « 
bound and one 
On account of the ample headroom available, an ar 
roof will be used with a span of 44 ft. The elevators 
will have a capacity of 50 persons each and will consuny 
about half a minute in making the trip from the surfac 
to the tunnel level. 
In order to ascertain the character of the materi: 
through which the tunnel is to be constructed, borings 
were made along the route at intervals of from 500 10 


for westbound t: 
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hese borings indicate that sand and incipient 


om 
ate will be encountered for a distance of 5000 ft. 
on the westerly end, passing thence into hard Franciscan 
candstone for a distance of 4500 ft. and emerging there- 
from into a red sandy clay for the remaining 2500 ft. to 


the easterly portal. 
The inside dimensions adopted for the tunnel proper 
width and 18-ft. height. As the borings indi- 


are 25 : 
ated presence of considerable water, the arch curve 
was ie semicircular. The sides are slightly curved 


} ¢he construction of an inverted arch in the bottom is 


and 
provided for, in case it is found necessary to resist hvdro- 
static pressure. 

Owing to the fact that the difference between the grades 


0 


f overlying streets and track would not permit the use 
of an arched tunnel section, it was found necessary to 
provide a flat-top or “subway” section from 18th and Hat- 
tie St. to Eureka Station, and thence to the easterly por- 
tal. For this subway a double compartment with a slab 
top has been designed. The greater length will be built 
ai curves and this will cause the ends and centers of cars 
to overhang the rails more than on straight track. On ac- 
count of this, a lateral clearance of 14 ft. will be required. 
The overhead clearance of 15 ft. remains the same as in 
the arched tunnel. This section will be built through wet 
cay, making a slab base imperative in order to provide a 
table foundation. 

Throughout the length of the tunnel, the contractor 
is given the option of using brick or concrete in the upper 
portion of the arch ring. To relieve the water pressure, 
weep-holes have been provided at intervals of 25 ft. along 
the length of the tunnel. Through these, water will find 
its way and be carried off by means of a vitrified pipe, 
laid in the center of the tunnel and covered by broken- 
rock ballast supporting the ties and rails of the tracks. 

Throughout the entire tunnel, a 12% mixture of hy- 
drated lime will be added to the concrete, which, together 
with a rich mixture of cement and sand applied with a 
cement gun, it is believed, will afford sufficient water- 
proofing for the tunnel and subway sections. About 
Eureka Station, where leaks and water stains would be 
more offensive, three-ply felt waterproofing is to be laid 
on the top and sides of the structure and covered with 
porous book tile, through which water will percolate and 
be drained off through the interior holes to weep-holes at 
the base of the station. 

The important matter of ventilation has been given 
much attention, and the plans call for the construction of 
a circular vent shaft near the Relief Home, capped on 
the surface by a head house or air intake of attractive de- 
sign. In this shaft and at 18th and Hattie St. will be 
electrically driven blowers, drawing fresh air from the 
atmosphere and forcing it through a duct formed be- 
tween the upper portion of the tunnel arch and a sus- 
pended concrete-slab ceiling. From here it will be al- 
lowed to escape at intervals through dampers into the 
tunnel proper and thence to the surface at the portals and 
stations. 

In the lining of each tunnei wall wil! be placed eleven 
fiber ducts for the accommodation of cables and wires 
transmitting the electric current for the operation of 
the trains and for lighting the tunnel and stations. 

At intervals of 50 ft., alternating on opposite sides 
of the tunnel, safety niches will be constructed in the 
walls and in each will be placed an incandescent lamp. 
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These niches will serve as refuge bays for track walkers 
and in some of them access may be had to the ducts carry 
ing the power wires. 

The present plans do not call for the installation of 
track, this feature being left for future consideration. 
Should the municipality decide to engage in further rail 
road construction these may be installed by the city and 





rental charged for their use, else a franchise may be 
granted to some railway company on proper terms. Under 
the provisions of the city charter, however, such a fran- 
chise cannot be exclusive. 

The estimated cost of the construction of the tunnel, in- 
cluding the purchase of lands for rights-of-way and other 
incidental expenses, is $3,994,289. Of this amount, %3,- 
398.973 will be contributed by that portion of the as- 
sessment district lving west of Twin Peaks, containing 
an area of 4153 acres, and $595,316 will be contributed 
by that portion east of Twin Peaks, containing an area 
of 660 acres. The average assessment is on the basis of 
2c. per sq.ft. ($50 for a lot 25x100 ft.). The maximum 
is 3¥4c. per sq.ft. and the minimum Ye. per sq.ft. The 
assessment will be payable, at the option of the property 
owners: (1) All at one time; (2) in ten annual install 
ments with interest on deferred payments at the rate of 
7% (8) one-tenth when the assessment becomes due, 
or as much more as the property owners elect, and the 
balance in ten annual installments; or (4) the full 
amount prior to maturity. 

a 


oe 


Construction Statistics, San 
Francisco 
A great amount of money has been spent in San Fran- 
cisco during the past ten years, and more is now being 
spent, on improvements whose cost is approximately as 
follows: 


New sewer system, nearly complete... eva’ $6,150,000 
High-pressure fire system ~ a x mega 5,750,000 
Municipal street railways ..... eels ‘ 5,500,000 
BEE ce caeecedsetedtes a 7 F 60,000 
Ce 6 cS Sb cedantathcaeda ats a e2 8,800,000 
Gace ae sb ak ae ease oe Keen ie a 7,500,000 
Es I hich © de un.eu &ars0 0 <# 7 : 3,000,000 


Fire and police stations ........ ‘ ke ie aes ae 510,000 
i eee , , ; 740,000 


Hall of Justice and county jail....... Setes 1,350,000 
Hetch Hetchy water-supply—lands and prelim- 

SO  STED.a oan eb the 0s Sia Rca a ae meine aac 2,000,000 
eee Lee eee eee ‘ civewsuenn i 9,000,000 
Streets and pavements ...... , rrr ce ‘ 15,000,000 
New parks and public playgrounds... ‘ ‘ 1,360,000 
es WN 6.5 06 a Good oa ewer Se wkoe da ene 4,600,000 

Eb ake 66 i lsd peed een Mee ow ches kee eae $71,320,000 


In addition to the above municipal enterprises, about 
$11,000,000 has been expended on the Panama-Pacifie 
International Exposition, total expenditures on which will 
come to about $18,000,000. $7,500,000 was subscribed by 
corporations and individual citizens of San Francisco and 
$5,000,000 was raised by the issue of municipal bonds. 
The total amount of municipal bonds sold during the past 
ten years is $47,701,200. The City’s bonds have generall\ 
commanded premiums, so that the total amount of monev 
realized was about $49,253,000. The total amount 
authorized by the voters but not vet sold is $45,832,800, 
which includes $43,428,000 for the Hetch Hetchy Water 
Supply. The harbor bonds are a state issue to which ths 
citizens of the state contribute nothing, as the interest and 
sinking fund payments come from the port revenues. 
The difference between the total cost of improvements 
given above and the total amount of bonds sold is ac- 
counted for by premiums on bonds and by payments for 
work out of current revenues and by assessment districts. 
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The Municipal Asphalt Plant 


A municipal asphalt plant of a capacity of 180 loads 
or $20 eu.yd. of bituminous wearing surface per day has 
recently been constructed by San Francisco, 
ture is located at Treat Ave. and Florida St. 
brought to the plant on railway cars, 
no teaming being necessary. 


The strue- 


All material is 
The sand, rock or gravel is 
dumped from the cars into a concrete receiving hopper of 
a capacity of four car loads or 200 tons, from which it is 
hoisted to a screen and segregated into the proper bin. 
The elevator has a capacity of 85 tons per hour, and the 
screen is 48 in, in diameter by 
justable jacket. 


22 ft. long, with an ad- 
All lime dust is unloaded from the car 
into a storage room, whence it can be taken as needed, 

As designed, the storage bins for the rock and sand are 
of reinforced concrete, 12 in number, 12 ft. square and 
24 ft. deep, and they have a combined capacity of 1536 
cu.yd, Under the storage bins are two belt conveyors 
with a capacity of 36 tons per hour, and the material is 
fed from the bins upon the belt conveyors by special meas- 
uring gates, 

"These yates can be opened or closed by il shaft gear 
directly over the belt, which in turn is operated by the 
belt conveyor. On the shafts are fitted eccentrics which 
operate a lever and by means of a pawl and ratchet the 
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gate is revolved. Each gate has a range in capacity of 
from 2 to 12 cu.ft. per minute, and any mixture of fine or 
coarse rock or sand can be sent to the driers. 

The material when taken from the belts is hoisted by 
an elevator and discharged into the uptakes of the driers. 
These uptakes are fitted with baffle-plates over which the 
material slides, coming in contact with and being par- 
tially heated by the escaping gases before entering the 
revolving drying drum. 

The drying cylinder is designed with an inclination of 
1 on 12. Its shell is 8¢ in. thick, 5 ft. in diameter and 
12 ft. long, fitted internally with eight 6-in. channels with 
their flanges turned in the direction of rotation. The 
material is carried up and dropped through the flame, 
gradually working its way toward the lower end. Each 
drier is fitted with a firing hood on wheels, similar to that 
used for an ordinary cement roaster. 

Below the firing hood are two flight conveyors with a 
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capacity of 36 tons per hour and designed for | 
rial. These flight conveyors discharge to elevate, 
same capacity, which in turn empty into the sma 
bins for hot materials ready for the mixer. 

The lime dust is conveyed from the storage rv 
hot bins by a flat-belt conveyor fitted with « 
The dust is emptied directly upon the belt 
hopper, and all the free dust is drawn throuvh 
charging into a centrifugal separator, from whi: 
back upon the belt. 


! 


The hot bins and mixing platforms are of 
concrete, and the drier shed is of steel and « 
iron. 


I 
Under the hot bins are special measuri 
for sand, rock and dust. 
inders open on one side, 


These consist of revoly| 
When the opening in ai 
der is opposite the bin, material drops in, and wi 
cylinder revolves again until the opening is unde: 
the material drops out into a hopper. The ro 
sand cylinders have a capacity of 8 cu.ft. per dum) 
Asphalt is fed to the mixers in a liquid state a 
measured in horizontal cylinders, each having an i) 
piston worked by a screw. and handwheel. By cha 
the position of the piston, the amount of asphalt se 
he controlled. Each cylinder is steam-jacketed, 
fitted with a thermometer so that the attendant ca: 
read the temperature of the liquid before injecting | 


Elevator 
85 Tons per Hr. 


/2 Storage Bins H 
128 yed each 173 tong 


‘4 Belt Conveyor 
1 Coarse Rock ' o/s’ 
2 Rejection over /@’" , 
3 Cédarse Rock kto/| 
4 Coarse Grave/ N°4toN22 
S Fine Rock N®/0 to N¢2 
6 Fine Gravel N®/0ToN"4 
I Fine Sand 
8 Fine Sand 
9 Fine Sand 
10 Coarse Sand 
Ul Material direct from Elevator 
12 Coarse Sand 
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the mixer. Asphalt is forced from the measuring cylinder 
into the mixer by means of compressed air. 

The mixers are 4 ft. 8 in. long by 3 ft. 5 in. wide, with 
a capacity of 12 cu.ft. per mix. The shafts are 3 in. 
square and are fitted with 12 sets of semisteel paddles on 
each shaft. The shell is 14-in. steel plate, and the heads 
are of cast iron. While the mixer works on one batch the 
next batch will be prepared in the hopper directly above 
One man can perform all of the operations for each mixer. 

A 60-hp. boiler with superheater furnishes steam fo! 
heating the asphalt in the tanks, each tank having forty 
eight 20-ft. lengths of 114-in. pipe with all joints welded. 
The temperature of the asphalt is controlled by a ther 
mostat operating a valve on the steam line. The asplial! 
runs from the car by gravity into the concrete tanks and 
is pumped from the tanks to the mixers by a 24-in. geal! 
pump. 

An oil-burning system for the boilers is operated wit! 
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he bi 


i air, which is used for blowing out the asphait 


| closing down. The plant is equipped with a 









a rifugal pump for pumping out any of the ele 
vate _ should water collect. 
\|] chinery will be driven by alternating-current 
t e 25-hp. motor being used to operate the main 
THOM ‘ E 
— nd sereen, one 50-hp. motor to operate the belt ' 
nv elevators and driers, one 25-hp. motor to oper 
ta 1 light conveyors’ elevators and mixers. The air 
, ’ ? 
etna fas 
| 7 : #: 
} “4 gh igh el 
Jat} 
Stee N (ips 
Chut ected 1 2 
fogetinr with “FE eth 
Arn Pitch 


, ~~ Tt 
O! Sprocket Uj 

Plan of “i Ve ' 
Drive Shaft . 


Grox pa Line itd osprey rere, 


Fic. 3.) Mebasurina Devick ror AGGREGATES, SAN 


Francisco Muntcrpan Asprautr PLAN’ 


ompressor 1s operated by a 10-hp. slip-ring motor, auto 
matically controlled. 

The machinery, materials and workmanship are the 
best obtainable, extra care having been taken in the design 
to eliminate, so far as possible, the wear of the machinery 
by the sand, rock and dust and to decrease the main- 
lenance costs, 

‘To operate the entire plant nine men are required, one 
for the receiving hopper, one in the screen house, one for 
the driers, two for the mixers, one for the boiler house, 
one for the dust shed, one to tend asphalt and dust cars 
ind one superintendent, 

The buildings and equipment were designed under the 
lirection of the City Engineer’s office. 


Mission Street Viaduct 


The oldest thoroughfare in San Francisco is the Mis 
sion Road, which extends south from the city and passes 
through the larger suburbs on the peninsula. Although 
the route was chosen over a century ago by a few scattered | 
settlers, it was well selected. However, the channel of 
Islais Creek, which is crossed at right angles, necessitated 
which were subse- 
quently the cause of many serious street-car accidents. 
In 1911, to improve this main artery of vehicle and street 
railway traffic, the Board of Supervisors appropriated 
from the general taxes the sum of $216,000, with which 
to construct @ high reinforced-concrete viaduct over Islais 
Creek, and decrease the approaching grades to a maxi 
mum of 4%, 


long grades in places as steep as 12%, 


At the viaduct the width of the roadway is 58 ft. 6 in., 
exclusive of the 12-ft. sidewalks on either side (Pig. 2). 
The center is oceupied by the double tracks of an electric 
street railway, and used for local and interurban traffic. 
The north approach, 360 ft. in length, and the northern 
portion of the viaduct itself, for a length of 480 ft., are 
constructed on a 4% grade. The remainder of the strue- 
ture is level, as is the south approach for a distance of 67 
ft. beyond which the grade changes to 3.38% for a dis- 
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tance of 660 ft. The approaches consist of earth em- 
hankments, well compacted, with a side batter of 1 on 2. 
Over 6000 cu.yd. of fill were required for the north ap 
proach, and for the south embankment over 20,000 cu.yd. 

The the viaduct, 58 ft. apart, are de 
signed as retaining-walls, 3 ft. in. in thickness the 
and 1 ft. 4 in. at the top, varying in height from 
15 to 32 ft. The outer surfaces of the two walls are in 
dented in arched sections as shown on Fig. 1. 


sides of 6 In. 
6 nt 


hbase 


Concrete 
pilasters 4 ft. wide and spaced at 24-ft. centers support 
these arches. The sidewalls are tied together by rein 
forced-conerete Cross 12 in. thick, so that 
the entire structure is divided into compartments 58 
ft. 6 in. by 25 ft. 

tracks of the Ocean Shore 


or tie-walls 
Insite dimensions, except where the 
RR. are ft 
opening made up of four spans and where Springdale St 


crossed by i oe 


is crossed by a 60 ft. span. 


Outside the outer reinforcement at each pilaster a 78 


Ib. rail embedded in the concrete forms a bulb beam 
around which the horizontal reinforcement of the trans 
verse tie-walls is bent to strengthen the tie between the 


sidewalls. 
Where Springdale St. passes under the viaduct at right 


angles, and where the Ocean Shore R R. tracks cross at 








ee 


Tue Mission St. Viapuct at THE OcRAN 
Store R.R. Crosstne 

an angle of 31° 46° heavily buttressed transverse retain 

ing-walls act as end walls for the compartments. 

A four-section girder-and-beam span crosses the tracks 
of the Ocean Shore. There are three transverse girders, 
each supported by nine columns. 
2x3 ft. in section and the seven 
under each beam are 22 


we 


The end columns are 
intermediate columns 
in. square, all supported on slab 
bases 6 ft. 8 in. square and 21% ft. thick. Each slab rests 
upon a cluster of five reinforced-concrete piles driven to 
hedrock. Between the transverse retaining-walls and 
extending over the transverse girders are the longitudinal 
beams that support the floor system above the spans. 
These beams are spaced at 5-ft. 6-in. centers, are i8 in. 
wide, 4 ft. deep, and heavily reinforced with 1-in. and 
114-in. continuous bars and shear bars. Sidewalls are 
carried over the spans by arch beams that support the 
sidewalk (Fig. 1). 

Reinforced-concrete piles carry both side and end re- 
taining-walls as well as the slab foundations for all col- 
umns. 
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Twelve-foot sidewalks project over the longitudinal piles, 788 in number, composed of a 1: 2:4 mixt 
walls and are supported by ornamental concrete brackets molded on the site in various lengths, allowed + 
16 in. wide at 8-ft. centers. 45 days and then driven with a steam hamme: 

All the compartments heretofore described are filled the 244-ton plunger fell through a distance of 3 


oe being driven the piles were 
‘te Property Line Nero eer oe. | by a lignum-vite buffer and 
Tihoshoe : sais plate clamped rigidly over t 

eG, on Secon Basalt Block Ravernent on 6" Concrete Foundation’ __ A 4 All were driven until the | 


enet 
y was less than + in. per bi 
scarcely one of the heads was fy 
The material through which tly 
driven was a tough mixture . 
and clay. 
J strrops, yi : l Forms of 1x4-in. tongue-ani 
ee a i nn | lumber were used wherever the 
_ Ss concrete surface would be visible. ‘| 
Section Through Roadway at Railway Crossings l-yd. mixers were operated «6 
Seng «ground and the mixed concreti 
< by skips to towers, where it \ 
into a hopper and thence was 
uted by a chute. In the sidewalls, 4 
walls and footings, the consiste: 
the concrete was 1 part of cement to 7 
of aggregate. For columns, bea; 
brackets and hand-rail a 1:6 mix \ 
adopted. 

When the concrete had set and 
mediately after the forms were strip). 
all visible surfaces were plastered wit! 
a 1:31% cement-sand mortar. A track 
was constructed over the tie-wal! 
beach sand hauled by the United Rail- 
road Co. in electric dump cars, deposit 

Part Elevation ed in the compartments and thoroughly 
Fias. 2-3. Prax, Evevation AND SEcTION THROUGH Roapway, flooded. When this had completely set 
Mrsaron Sr. Viabuor tled the street-railway tracks and the ( 
in. concrete base for the roadway pav: 
On the concrete base a basalt block sur- 
face was constructed with asphaltic cement joints, and 
Raccaitinetees the viaduct opened to traffic. 


with sand thoroughly water-tamped. In all, 40,000 cu. ment were laid. 
vd. of fill were deposited in the structure. 


3 


~~ 


To ace ate street-car and vehicle traffic while the Sag Ey es 
Po accommodate treet- 1 id vehicle me ro Municipal Street Railw —— 
viaduct was in course of construction 1t was necessary 
to erect a temporary trestle 1000 ft. in length and 28 ft. 


San Francisco officially declared itself in favor of mu 
wide, immediately adjoining. The reinforced-concrete 


nicipal ownership in 1900 when the electorate adopted 
a new city charter in which the intention of the cit) 
to acquire, own and operate public utilities was express]) 
stated. After the issuance of a $2,000,000 bond issue 
was defeated by a narrow margin at an election held in 
June, 1909, a second election was called for Dec. 29 o! 
the same year, at which two municipal railway bond 1s 
sues were submitted. One provided for $1,900,000, with 
which to build an electric line on Geary St., extending 
from Market St. to the Ocean; the second, amounting 
to $120,000, was for the construction of a line down 
Market St., from Geary to the Ferries. Both propositions 
carried by a three to one majority. 


CONSTRUCTION 


Construction of the Geary St. railway was started 

in the summer of 1911 and was completed in June, 

1913. The cost of constructing this road was $10:.- 

564 per mile of single track and the financial returns 

{, View or Rartway Crosstne UNDER Con- on the money expended have been very satisfactory. 
STRUCTION Encouraged by these results, and realizing that the suc- 
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Panama Pacific Exposition depends largely 
, equacy of street-railway transportation facili- 
Exposition grounds, the city officials submitted 


= the torate, on Aug. 26, 1913, a proposition pro- 
aii ( the issuance and sale of bonds to the amount 
of $3 000 for the extensions to the municipal street- 
rails vstem. The bonds were carried by a vote of 
81 6 ‘13.720 and the Board of Public Works was di- 
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rected by the Supervisors to proceed at once with con- 
struction. 

Time was a vital consideration in completing the pro- 
jected lines, as it was essential that all of them should 
be in operation before the Exposition opened in Feb- 
ruary, 1915. The City Engineer forthwith prepared a 
schedule for the design and construction of each portion 
of the road and named the dates on which bids would be 
received. In practically every instance work was com- 
pleted in less than schedule time. The system of insert- 
ing a bonus and penalty clause in all specifications and 
strictly enforcing the conditions relative to time limita- 
tions has proven very effective in securing rapid work. 

The type of track construc- 
tion adopted as a standard for 
the railway extensions follows 
almost identically that of the 
Geary St. line, which has prov- 


en most satisfactory. Briefly, 
this consists of 9-in. 106-lb. 


girder grooved rail in 60- and 
62-ft. lengths, and 9-in. 129- 
lb. girder guard rail in 30- and 
32-ft. lengths. These are laid 
on tie-plates over 6x8-in.x8-ft. 
redwood ecross-ties, at 2-ft. cen- 
ters, with %-in. round tie rods 
spaced 10 ft. in straight track 
and 5 ft. in curves. Rails in 
curves are supported by braced tie-plates. Joint plates 
are 36-in. 12-bolt standard sections. The depth of brok- 
en-rock ballast under the ties is 8 in. in standard track and 
15 in. in special work. Copper rail bonds, aggregating 
900,000 cire.mils in section, are brazed directly to the 
rails by means of an electric bonding machine. 

All track special work is of solid manganese steel and 
consists so far as possible of interchangeable switches, 
mates, frogs and cross-pieces, which in various combin- 
ations will compose any layout of branch-offs, cross-overs 


Fig. 2. 
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crossings, or combinations 


the 
made 


right-angle 
standard 


and thereof, in 


9-in. track. In design of these standard 
to reduce the number to 
facilitate 


The total number of pieces of different 


pleces, ai endeavor was 


a minimum 


as their interchangeability will 


maintenance. 


design is 35. The section of all joints in track sper ial 
work is such as to permit the use of the standard joint 
plates without modification. 

Curves have been so designed as to give passing cars 
clearance of not less than 12 in. 

The roadbed for these portions of the municipal lines 
at present completed has been excellently and rapidly con 
structed. A 3-in. sharpened circular steel flange at 
tached to the cylindrical surface of a steam roller was 
used in cutting the asphalt surface of the street pave- 
ment. This wearing surface and the concrete base be- 
neath were then broken by a 2-ton drophammer piledriver 
mounted on skids so as to permit of being swung from 
side to side of the trench and at the same time moved 
The broken 
concrete base was next removed from the trench and fed 
to a reduced it to ballast 
The roadbed was then excavated to subgrade, by means of 


forward as the pavement was broken up. 


movable crusher which size. 


a half-yard steam shovel. Six inches of the crushed con- 
crete was then spread on the subgrade and flushed with 
sand, after which rolled 10-ton 
steam 


the surface was with a 


road roller. 

Ties were next laid, the rails placed on the tie-plates, 
the joints bolted temporarily and the rails spiked to gage. 
A maximum variation of 4g in. was permitted from the 
standard of 4 ft. 814 in. Straight rails and track special 
work were hauled to the job by four-horse trucks, and ties 
All rail bending to 
horizontal and vertical curves was done by the contractor, 


and smaller materials by auto truck. 
rai! bender 
operated by a hand pump, and some by power machines 
at the rolling mills or railroad shops. 

After the 


some in the field by means of a hydraulic 


rails were spiked, the track was raised to 





Tracks ON VAN Ness AVE. 

grade and 2 in. of ballast tamped under the ties. The 
joint-plates were removed, the rails bonded, the joint- 
plates replaced and fastened permanently, and the tie- 
rods put in place. Such drilling and reaming as were 
necessary were done with a portable electric track drill. 
The aligning and surfacing gang then adjusted the track 
to perfect line, gage and grade. The space between the 
ties was next filled with ballast, the concrete base for 
header blocks and pavement poured and the pavement 
replaced. 
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One hundred and twenty-five new cars, costing $7200 
each, have been purchased for the Municipal Railway. 
They are of what is called the California semisteel type, 
1? ft. 1 in. long over bumpers, 9 ft. 24% in. wide and 11 
ft. 8 in. high from the top of the rail to the top of the 
trolley board. They are of the same length as the cars 


.Fig. 3. PREPARING SUBGRADE FoR TRACKS IN VAN NEss AVE. 


now in use on the Geary St. line, but of greater width 
and will accommodate more passengers. Being of im- 
proved structural design they are lighter in weight, which 
tends toward reduction of maintenance costs. 

All of, the structural parts of the car, up to the window 
sills, are of steel and so formed as to give extreme rigid- 
ity with a minimum of weight. The construction above 
the window-sill line is of the finest grade of California 
wood. The roof is notable in that no inner lining is pro- 
vided, the roof boards being of white cedar, which was 
purchased in San Francisco by the car builders and 
shipped east to the factory. This wood was selected for 
grain and color and has been varnished, presenting a very 
pleasing appearance and at the same time reducing the 
weight of the roof structure without sacrificing anything 
in the way of strength. 

The motor equipment consits of four box-frame 60- 
hp., 600-volt inclosed interpole motors with multiple-unit- 
switch control. This apparatus was made by the Westing- 
house company. The cars can rapidly be brought to full 
speed and have sufficient power to surmount heavy grades 
at a normal speed. The motor equipment enables the cars 
to outclass those of the private corporation by 3 min. in 
the trip from Market St. to the Cliff House. 

The air-brake equipment (straight-air type) has special 
additional features as emergency safety devices. A valve 
is installed under the car which will automatically set 
the brakes in the event of any of the air-brake pipes or 
appurtenances being disabled. At each end of the car, 
within reach of the conductor, is an additional emergency 
air valve. 

For housing the municipal cars, two reinforced-con- 
crete barns have been provided. One is located at Geary 
St. and Presidio Ave., the other on Hampshire St. at 17th. 

The overall outside dimensions of the Geary St. barn 
are 275 and 343 ft. It is capable of accommodating 134 
cars. The Hampshire St. barn is 200x382 ft. overall, 
with two stories, each capable of accommodating 90 cars. 
A distinctive feature of this structure is in the fact that 
both floors are provided with repair pits for the entire 
length of the trackage. A complete fire-protection sprink- 


ler system has been installed, and a vacuum 
cleaning the cars. 
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OPERATION 


Despite the predictions of opponents of municipa 
ership that the railways the city proposed to | 


mild 
not be operated on a 
basis alongside the prj 
controlled lines, during 
first two years of oper 
the municipal-railway 
has proven an excellent ij 
ment. The income has 
sufficient to defray operat 
expenses and depreciat 
costs, to provide a sinking 
for the bonds, and to pay 
needed extensions to the 
tem, as well as purchase 
physical structures and eq 
ment of a heretofore privat 
operated street railway. 
The keynote of this succ 
has been the elimination 
politics and the adherence to strict business principles 
the management of the roads. Before organizing 
operating force, the Mayor requested the Chairman of 1 
Public Utilities Committee of the Board of Supervisc: 
to investigate the qualifications of men available for : 
position of Superintendent and recommend the most 
suitable candidate. The Chairman of the Public Ut 
ties Committee recommended a man personally unknow 
to any of the city officials, except by reputation. His ~ 
lection was decided solely on the recommendations o| 
street-railway officials whose judgment could be relic« 
on. The Assistant Superintendent and Master Mechani: 
were appointed on the recommendation of the Superin 
tendent who selected them on a strictly merit basis. All 


Fig. 4. Track Layrne ror Municrpar Ry. 


other employees were appointed from a civil-service list 
in their order of standing so that the operation of the 
road is absolutely unhampered by politics. 

Requirements of the Interstate Commerce Commis- 
sion were strictly adhered to in adopting a system of ac- 
counts for the municipal lines. For the fiscal year end- 
ing June 30, 1914, the results of the Geary St. division 
were as follows: 














18, 1915 


$642,450 
294,036 


» expenses 


$348,414.52 
$3,886.83 
115,641.13 


pts over expenditures 
wensation. os 
ind renewals. . 


nds : . &S,605 00 
chise 19,224 31 
heense 645.00 


30,516.41 
1,402.81 
3,600 00 


f tax. , end , 
rical service . $263,521.49 


$84,893 .03 





t profit of 





Leavy 
T) iancial results of the operation of the Union St. 
road u Dee. 11, 1913, when it was taken over by the 
city, t- June 30, 1914, are as follows: 
i ere $180,536.09 
ross o 
Operat xpenses 
Baa: paid to Ferries & Presidio R.R. Co $3,740. 25 
Liabilit mpensation. ... : 2,537 14 
Depreciation and renewals. ..... 3,740.14 
Interest bonds........ 34,116 50 
Municipa! franchise tax. . 5,675.31 
Municipal car license 240 38 
State franchise 9,002 06 
Federal ncome tax. . 405.96 


Legal and « lerical service. 


$64,232.84 


900 00 
Leaving a net profit of. . 
OPERATION OF GEARY STREET MUNICIPAI 


Operating 


$24,371.67 
RAILWAY 


New Earnings 
























Month Days Receipts Per Day Expenses Per Mo. Per Day 
912 
ne , 4 $3,300 . 60 $1,076.78 $2,223.82 $555.95 
913 
a 31 17,465.35 9,835.90 7,629.45 249.34 
Feb 28 18,619.90 10,461.92 8,157.98 291.35 
Mar 31 22,023.20 12,806.46 9,216.74 297 .31 
Apr 30 23 4.65 11,648.81 10,385.84 346.19 
Mav 31 23,525.25 13,338.10 10,187.15 328 61 
pen 30 27,955.00 14,083.35 13,871.65 462.39 
July 31 46,836.50 19,952.82 26,883 867. 21 
Ane 31 50,600. 65 929.70 
Sept 30 52,508 .65 1,031.10 
Oct 31 58,693 .05 1,121.59 
Nov 30 49,279.60 852.56 
Det 31 51,823.85 26,073 .2 841.07 
1914— 
Jan 31 53,644.15 28,510 919.69 
Feb 28 50,958 . 23 2 957 . 36 
Mar ‘ 31 57,427.95 966.31 
Apr 30 55,442.51 926.83 
May 31 56,991.62 88 914.83 
June 30 53,958 . 28 1,798.61 02 : 26 851.44 
July 31 99,031.58 3,194.56 40,396.68 90 1,891.45 
Aug 31 98,691.10 3,186.16 51,445.18 - 5.92 1,524.06 
Note: Figures since July, 1914, include entire Municipal System; separate 


revenue receipts for each line available, but no segregation made of operating 
expenses. 





Fig. 5. 


THREE-QUARTER GRAND JUNCTION; VAN NESS 
AVE. AND GEARY ST. 


The service on the Geary St. road is admitted to be the 
most satisfactory in the city. Between the Ferry and 
Van Ness Ave., cars are operated on a headway of 1 
min. 12 see. during the rush hour, and from Van Ness 
to the Beach on a headway of 1 min. 32 sec. Many resi- 
dents in the district toward the westerly end of the road 
habitually walk across the tracks of the privately owned 
street railroads to Geary St. in order to patronize the 
municipal cars, stating that the time saved in reaching 
the business district more than repays the additional ef- 
fort required. On the Union St. road, the service has 
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been considerably improved, especially on that portion 
Van Ness Ave. and Steiner St., since the city 
undertook its operation. 


between 
] 


ane 


The cars, however, are old 


the grades are steep and objectionable: the authorities 
contemplate replacing the cars with new stock of a 
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more modern type at the earliest possible moment. The 
support which has been given to the municipal roads 
by the traveling public has been highly gratifying and in- 
dicates a high appreciation by the citizens of San Fran- 
cisco of the efforts of the railway officials to furnish ade- 
quate service. 

In constructing the municipal system, the City Engi 
His po- 
sition is analogous to General Manager of a privately 
owned system. The Consulting Mechanical Engineer is 
responsible for the preparation of plans and specifications, 
apportionment of finances and all work preliminary to 
The Chief 
Assistant City Engineer has charge of the construction 
of the lines and the payment to contractor of the progress 


neer decides all matters of policy and design. 


purchasing material and awarding contracts. 
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tween these three officials and the Superintendent tend 
to a coérdination of the construction and operating de- 
partments. 

That street railways can be built and operated by a 
municipality in an efficient manner and without being 
made the plaything of politicians has been abundantly 


Fic. 8. Tue Geary 


proven in San Francisco. Continued freedom from polit 
ical interference will, of course, depend largely upon the 
vigilance of the people. The friends of municipal owner- 
ship see reasons to hope that this vigilance will continue 
to be exercised, first in the fact that a large part of the 
public comes into daily contact with the street railways 
and will immediately notice any evidence of mismanage- 
ment and, secondly, in the evidence which is already ap- 
parent that the citizens of San Francisco are immensely 
proud of their municipal railroads and firmly determined 
to make them a continuing success. 
he maintained that the city, which under its charter ts 
required to pay its platform men not less than 37. 
per hr. as against 30c. paid by the United Railroads, 


Of course, it cannot 


can operate a street railway as cheaply as can a private 


corporation. On the other hand, no private corporation 
can secure the money necessary to construct street rail- 
ways nearly so cheaply as can the city. In this connec- 
tion, it is interesting to note that, while the 48 miles of 
single-track street railroad which the city will own, when 
the roads now under construction are finished, will have 
cost, with their equipment, approximately $110,000 per 
mile of track, the United Rairoads are capitalized for ap- 
proximately $350,000 per mile of track. 

While the discussion of the wisdom of the city engag- 
ing in the construction and operation of street railways 
has been confined almost entirely to the question of 
whether such operation will or will not pay a profit into 
the City Treasury, there is a larger and far more impor- 
tant question involved. That is the effect which the con- 
struction of the street railways may have upon the health 
and happiness of the citizens. Viewed in the narrow light 
of possible profits there is room for speculation as to the 
wisdom of municipal ownership but when consideration 
is given to the possibilities of developing the city, open- 
ing up the outlying districts for residential purposes so 
as to provide healthful and attractive habitations for the 
people, there can be little question of the advisability of 
the city’s engaging in this sort of enterprise. 

Anyone who will spend half a day on the outskirts of 
any city of considerable size, will be impressed with the 
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remarkable effect which street railways may have 
distribution of population. No private compan 
it owns large areas of land in the vicinity (as 
Realty Syndicate when it undertook the develon, 
the suburbs of Oakland), can afford to constry, : 


railways for any considerable distance into uni 


Municrpat Car Barn 


districts, for the very simple reason that such railroad 
cannot be expected to pay even their operating expens: 
much less a profit, for a great many years. A city, hoy 
ever, is in a different position, for the construction o/ 
street railway, provided reasonable judgment is used i: 
its location, results in an immediate increase in the valu 
of property adjacent to it and a consequent increase in 
the taxes paid into the city treasury by the property ow: 
ers—to say nothing of the intangible but none the less 
important advantages of better housing conditions and 
increased population. Long before the street railway could 
pay a profit, the money paid into the treasury in the form 
of taxes more than offsets the money paid out in the form 
of operating expenses. 

The manner in which the construction such 
velopment roads should be financed is worthy of serious 
consideration. It seems not unreasonable that the own 
ers of real estate affected should pay over at least a part 
of the enhanced value of their lands since they reap tli 
more immediate profits from the enterprise. The ques 
tion, however, is too big to be more than suggested in 
such a paper as this. 

The 48 miles of railway which San Francisco now 
owns or is constructing Were located with a view to thei 
utilization as the nucleus for a comprehensive system 
which may be eventually extended into the outlying dis 
tricts—without terminals in the retail and business dis- 
tricts, which would be of little if any use to anyone. It Is 
the hope of the authorities to extend these roads, in the 
near future, into uninhabitated sections of the city for 
the purposes suggested. 


of de 


# 

The “Jitney” Bus Industry, which was introduced into San 
Francisco about Dec. 1, 1914, is becoming quite a factor in 
the way of city transportation. Already it has made its 
presence felt by the street car companies and promises to 
develop into a competitor in the near future. One factor 
which will be a benefit to San Francisco will be the increased 
transportation facilities which these buses will furnish to 
the Panama-Pacific Exposition grounds. The fare charged is 
the same as on the local street cars and the distance ove! 
which the passenger can be transported is approximate!) 
three miles for a single fare. 
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ying a Submerged Sewer 
Outlet at San Francisco 


unusual method has been adopted for laying the 

| - Beach outfall sewer described on page 307 of this 

The usual method is to use a barge with an in- 

cradle on which separate pipe lengths are con- 

_ calked and lowered as the barge is moved for- 

It was decided by the contractor that a more eco- 

al way would be to lay this pipe in a straight line 

ibove high-tide mark and parallel to the water's 

pour and calk the joints, seal the two ends, buoy 

the whole line, float it into its position at right angles 

ty the shore, and then remove the buoys and allow the 
jipe to settle to its final position. 
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bolts, 
Between the board cover and the pipe ends, cardboard 
gaskets were inserted to insure against leakage. 


to flange collars around the pipe by four 34-in. 


For the reason previously stated, the pipe was first 
laid close to the mean high-water mark. On the evening 
of Dec. 30, 1914, when almost all preparations for launch 
ing were complete, a severe storm, accompanied by an un 
usually high tide, moved the pipe from its original posi 
tion Fig. 2. 

The whole configuration of the beach, which is of loose 
sand, was changed by this storm. 


into the curves shown in 


lhe existing pipe, 
which had heretofore stood as an obstruction, was covered 
by some 4 ft. of sand, so that it was possible to straighten 


the pipe, at the same time moving it back to a safer dis 
Due to the flexibility of the joints it was not nee- 


tance, 





Fig. 1. Making Reapy to LAUNCH 


(Laying the 


For this purpose (see Fig. 1) 8x8-in. timbers 50 ft. in 
length, spaced at intervals of 24 ft., were laid at right 
On each skid 
an 8x8x30-in. cradle runner was placed, the 18-in. ball- 
ind-socket joint pipe laid over these, and the joints poured 
and calked. The skids extended shoreward from the aver- 
ave high-water mark, the intention being to lay the pipe 
well above the highest high tide. Due to an existing pipe 
that terminated half way between mean high tide and ex- 
treme high-tide marks, it was impossible, for the first at- 
tempt, to lay the pipe as far inland as was desirable to 
avoid interference from unusually high tides. 

When all the joints had been thoroughly calked a 
“straightback” made up of 6x8-in. timbers, was laid along 
the top of the pipe and securely attached to it with No. 8 
wire. This straightback was securely stiffened where the 
timbers joined, so that it would hold the pipe in a straight 
line while it was being floated into place. Sixty-two 12- 
ft. pipe lengths, or a total of 744 lin.ft., were thus se- 
cured, 


angles to the water line, to serve as skids. 


The weight of each length of pipe was approximately 
2100 Ib. and its displacement when submerged would be 
24 cu.ft. Hence, since the line was sealed, a buoyant 
force of only 900 lb. per pipe length was necessary to 
prevent submersion. Four oil barrels each with a capacity 
of 60 gal., or a displacement submerged of 8 cu.ft., were 
attached to each pipe, furnishing an additional buoyant 
force of 2000 Ib. per length. 

Board covers 30 in. sq. and 2 in. thick were used 
to seal the ends. Both of these were securely fastened 


Baker’s Beach Outfall 


Krrect OF STORM LAUNCHING 


Francisco) 


Fig. 2. 


Sewer at 


BEFORE 
San 
essary to remove the lead, but only thoroughly to recalk 
each joint after the pipe had been straightened. 
Preparations for launching the pipe are almost com 
plete, and the result of the experiment will be watched 
with interest and later reported in ENGINEERING News, 


An AcKnowledgment to the 
City Engineering Force 
The present City Engineer, M. M. 


wishes to pay tribute to the unselfish and conscientious 


O'Shaughnessy, 


work of Marsden Manson, h is predecessor in office, who 
was identified during a very trying period with the in- 
ception of many of the herein described projects; also 
to Loren EB. Hunt, Chief Assistant City Engineer, and 
T. W. Ransom, Consulting Mechanical Engineer; and to 
the members of his staff, whose devotion to their duties 
and the city’s welfare the public should remember with 


gratitude. 


* 


Illumination Features of the Panama-Pacific Exposition— 
The illumination of the Panama-Pacific Exposition will have 
the unique feature of being almost entirely by indirect light. 
Over 900 searchlights will be used for this purpose A bat- 
tery of 36-in. searchlights will be operated from a replica 
of Morro Castle built on the outer arm of the yacht harbor 
This will be one of the main sources of night light. Several 
palaces, notably Festival Hall, will have powerful searchiights 
concealed in pits below floor level; and in the Palace of Hor- 
ticulture the rays will be thrown through revolving colored 
screens, each color change requiring 48 sec., producing a con- 
stantly shifting opalescent effect upon the glass of the great 
dome, which is 182% ft. in height and 152 ft. wide, being the 
largest hemispherical dome of glass ever constructed 
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Other Sam Francisco Engineerin 
Works 


SYNOPSIS—The prec ceding 37 pages are devoted 
lo those municipal engineering works of the City 
of San Francisco which are under the direction of 
the city engineering department. The two other 
nolable San Francisco engineering works described 
below are under other jurisdiction, 


The Improvement of San 
Francisco's Water Front 


By Jenome NewMan*® 


To prepare for an expected increase in maritime com 
merce resulting from the opening of the Panama Canal, 
San Francisco has been busily engaged in improving its 
water front and providing commodious modern docks, 
The construction includes a modern sea wall, piers and 
ferry slips, and an extension of the State Belt railroad 
from the Embarcadero to the grounds of the Panama 
Pacific Exposition. 

The recently constructed sea wall (Fig. 1) differs from 
the previously existing structure in that the rock wall 
is higher and placed at the easterly curb lines of the Em- 
barcadero 60 ft. back of the waterfront line, which gives 
a greater depth of water at the edge of the bulkhead 
and, as the concrete retaining wall is located at the 
crest of the rock embankment, affords the additional ad 
vantage of a uniform foundation for the bulkhead pave- 
ment, Such a uniform foundation will prevent the un- 
equal settlement that has been observed in some of the 
bulkheads previously constructed, in which the outer 27 
ft. of pavement rests on the concrete slab, and the inner 
33 ft. on an earth fill. The new concrete retaining wall, 
shown in Fig. 1, is carried 13 ft. below City Base, in- 
stead of 30 ft. as heretofore, making it possible to de- 
posit all concrete in the dry, instead of partially under 
water. The bottom rests on wooden piles, cut off at low 
water, surrounded by rock, and consequently not liable 
to decay or exposed to the attack of the marine borers, 
The deck is supported by reinforced-concrete piles 16 in, 
square, driven through the rock embankment. In order 
to avoid shattering, the tips were shod with steel. 

On account of the mud bottom on which the rock wall 
rests it was considered advisable to provide for possible 
future settlement by constructing the deck of the bulk- 
head wharf of steel beams, carrying a pavement of plank 
covered with asphalt, If necessary the deck can later 
be raised, the steel protected with concrete and the plank- 
ing replaced with a concrete slab. 

Before preparing the plans for new piers the question 
of the most suitable type of construction was thoroughly 
discussed, It was finally decided that the use of creo- 
soted piling in certain cases would be preferable to the 
exclusive use of reinforced concrete, which has been 
adopted where deemed practicable. Factors influencing 
this decision were: the great depth of mud along cer- 
iain portions of the water front entailing excessive ex- 


*Chief Engineer, California State Harbor Commission, Ferry 
Bldg, San Francisco, 


penditure for concrete construction on account 
difficulty of providing suitable foundations: the 
necessity of being immediately prepared for the « 
of the Panama Canal; the constant changes in 


‘ 


and freight-handling methods and the consequent 
bility of alterations in the near future to meet ney 
ditions; and last but not least, the uncertainty 
engineers regarding the probable life of reinforced 
crete under the action of sea water. A> commissi. 
engineers appointed by the Maritime Affairs Com) 
of the Chamber of Commerce to investigate this qui 
concurred in the decision, 

Mloat observations at the northern portion of the {. 
disclosed the existence of a very strong tidal current 
this vicinity. As this might ‘endanger wooden 
structures it was decided to build of conerete the t 
most exposed piers of the seven contemplated for | 
section, that these might act as breakwaters and detlo 
the current eastward away from the shore. There! 
Piers 29, 39 and 35 are of reinforced concrete, the {ips 
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Fig. 1. Detaits or New San Francisco Sea Wau 


two supported by large concrete cylinders and Pier 35 
by concrete piles. 

Pier 39 (Fig. 3), which is typical of the reinforced 
concrete type, is 938 ft. in length and 140 ft. wide. ‘The 
substructure consists of reinforced-concrete cylinders 3 
and 8% ft. in diameter, carried down from 10 to 11 
ft. below the dredge line, and supported on wooden piles. 
The deck construction is of the usual transverse girder, 
longitudinal beam-and-slab type with a center driveway 
and a railroad track on each side of the pier, the easterly 
track being flush and the westerly one depressed. ‘The 
pavement consists of wood blocks in the driveway and as- 
phalt on the remainder of the deck. Fenders are of the 
suspended type. The superstructures will consist of a 
two-story steel and concrete shed, with a bulkhead build- 
ing projecting to within 15 ft. of the curb line. The 
building will contain the offices, waiting rooms, baggage 
chutes and elevators for the accommodation of passengers 
for whose service the pier will ultimately be used. 
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A good example of the wooden construction is Pier 41. 
This is LO81 ft. in length and 200 ft. wide, supported on 
creosoted piling, with a timber deck and two surface 
tracks, the center driveway paved with bituminous con- 
crete and the cargo space at the sides with asphalt. The 
fender line is of creosoted piles protected by Oregon 
pine sheathing extending to below low water. Unlike 
most of the piers of similar type no shed will be erected 
over this structure, which will be used for lumber, struc- 
tural steel and the like. 

All new piers are provided with at least one track, and 
generally with two, one on the surface and one depressed. 
Provision is made for the possible future installation of 
cranes for handling freight by building the substructure 
and shed columns heavy enough to carry them. Doors 
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30 AND 32, SAN FRANCISCO 


are of ample size, usually 22 ft. high and 20 ft. wide, 
and equipped with steel rolling shutters, which possess 
the advantage of easy operation, durability and low main 
tenance cost. 

To add to the attractiveness of the waterfront, the old 
ugly type of shed has been abandoned and an adaptation 
of the Mission sty le of architecture (Fig. 2) chosen for 
the superstructure of piers south of Market St. Those 
north of the Ferry Depot have been designed on the lines 
of the Chelsea piers in New York. 


BeLtr RAtLRoap 


A most important adjunct to the docks is the Belt 


Railroad, which is operated by the State to handle the 


commerce of the water front. A decided improvement 
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in operating conditions was effected by building a 3900 
ft. extension across the northern and southern divisions. 
Difficulty was experienced in its construction in front 
of the Ferry Depot, where the foundation is a sand fill 
over timber platform beneath the mud line, The timber 
platform is supported by pile bents spaced too far apart 
to carry trains safely. It was necessary for a distance of 
390 ft. to trench the street, drive the required additional 
piles and lay a new plank platform to retain the sand. 
An equally important extension was from the foot of 
Powell St., its former northerly terminus, to the Govern- 
ment Transport Docks at Fort Mason, and the grounds 
of the Panama-Pacific Exposition. This 
a tunnel 1500 ft. in length under a portion of the 
Fort Mason Military Reservation. The tunnel is con- 
crete lined throughout, with a clear width of 17 ft. and 
a clear height above the top of the rail of 22 ft. At 
the westerly end, concrete retaining walls extend from 
the portal for 250 ft., their object being to save as much 
ground as possible for the use of the military post. 


necessitated 


The Present Water-Supply of 


San Francisco 

Hydraulic engineers, visiting San Francisco for the 
first time, will be much interested in the properties and 
structures of the Spring Valley Water Co., which is at 
present supplying to the city 42,000,000 gal. daily. A 
two-day automobile trip can be arranged to include the 
city distributing system, the more important watersheds 
and reservoirs, the pumping stations, the filter galleries 
whence a supply is obtained from the pliocene gravels, and 
the Calaveras Dam, the largest earth embankment ever 
designed, which is now in course of construction and was 
fully described in Enarngertna News of Oct. 1, 1914. 

In the early fifties, when San Francisco was still a 
village, its water-supply was obtained from shallow wells 
on the premises of the inhabitants. Later, tanks were 
filled in Marin County, conveyed by barge across the Bay 
and the water then distributed by carts in San Francisco, 
In 1857 the San Francisco Water-Works was incorporated 
and a year later developed a supply on Lobos Creek, a 
small stream on the northwest slopes of the Presidio Hills. 
A small diverting dam was built across the creek and di- 
rected the flow into a flume which skirted the shores of 
the Golden Gate, passed through tunnels under Fort Point 
and Fort Mason, and discharged into a sump near the 
north end of Van Ness Ave. Thence it was pumped to 
the Francisco St. Reservoir, at an elevation of 134 ft., 
and to the Lombard St. Reservoir, at an elevation of 303 
ft., whence it flowed into the distribution mains, 

In 1858 the Spring Valley Water-Works obtained a 
charter from the State Legislature, and in 1860 developed 
a supply in San Mateo County, on Pilarcitos Creek, 
whence it brought 2,000,000 gal. daily to San Francisco. 
The Pilarcitos Reservoir, which has a capacity of 950 mil- 
lion gallons, was formed by the construction of a clay dam 
90 ft. high, with a puddle core, The area of the tributary 
watershed is 5.2 sq.mi. The elevation of high water in 
the G97 ft. mean tide. At present 
water is taken from Pilarcitos through a redwood flume 
conduit, two concrete-lined tunnels and a 30-in, wrought- 
iron pipe line, to San Andreas Reservoir, which has been 
formed by the construction of an earth embankment sim- 
ilar in design and dimensions to the Pilarcitos Dam. Be- 


reservoir is above 
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sides the water from Pilarcitos, San Andreas Ri 
receives the runoff from a catchment area of 7.6 
Its capacity is 6230 million gallons and it is direct 
nected to the College Hill distributing reservoir, of 
the elevation is 255 ft. Through a bypass at Baden. 
from San Andreas Reservoir may be diverted to ¢! 
tral pumps, and thence lifted to Lake Honda, at 
vation of 365 ft. 


The Crystal Springs Reservoir, which adjoins Si; 
dreas and Pilarcitos, has a watershed of 22.5 sq.mi. 
over 19,000 million gallons are impounded by a co; 
dam 145 ft. in height, with a crest length of 600 ft. 
dam was so designed that the height can be increas 
190 ft., when 45,000 million gallons will be impou 
in years of heavy rainfall. 

Lake Merced, with a watershed of YQ sq.mi., i 
southwest corner of San Francisco County, supplies 2,0 
000 gal. daily. The quality of the water is inferior to | 
from the San Mateo watersheds above mentioned. — | 
the combined peninsula reservoirs 21,000,000 gal. are 
being supplied, An additional 21,000,000 gal. is brow 
from Alameda County through two 16-in. and two 
in, submarine pipes under San Francisco Bay. 

The Alameda supply is obtained from Livermore «a: 
Sunol valleys, which were formed by faults in the eart|)’ 
surface, later filled with pliocene gravels by stream flow 


The gravels are covered by an impervious clay cap and a 


nually replenished by several Coast Range streams. ‘I 

water is collected in large filter galleries and wells and 
pumped into the Sunol Aqueduct, through which it is con 
veyed to a concrete receiving basin near Niles, at an el 
vation of 180 ft. Thence it flows by gravity throug! 
a 36-in. wrought-iron pipe to the bay shore, under tly 
bay, through the four submarine pipes above described, 
which connect to a 36-in, pipe on the San Mateo shore. 
It then passes through the Ravenswood and Belmon| 
pumps-to the various distributing reservoirs in the city. 

Included in the Alameda system are the undeveloped 
watersheds tributary to Arroyo Valle and San Antonio 
Creek, and also the Calaveras Valley which is now being 
converted into a reservoir with a capacity of 53,000 mil 
lion gallons, and has a tributary watershed area of 135 
sq.mi. The combined catchment areas of San Antonio 
Creek and Arroyo Valle are over 180 sq.mi. The develop 
ment of the San Antonio supply has been recommended 
as a necessary adjunct of the Hetch Hetchy system. 

Owing to its exceedingly hilly topography a very elab 
orate distribution system has been found necessary for 
San Francisco. 

Negotiations are now pending for the purchase by San 
Francisco of all of the valuable water-producing prop 
erties and the distributing system of the company. A 
careful inventory and valuation of the entire system was 
recently made by the city engineer, assisted by a corps of 
consulting engineers. On the basis of his findings an 
advisory water committee, consisting of the mayor, the 
city attorney, two members of the board of supervisors and 
a former chief justice of the supreme court, recommended 
the purchase at a price of $34,500,000. Experts employed 
by the company, among whom were Allen Hazen of New 
York and Leonard Metcalf of Boston, and other noted en- 
ginéers, placed a value of over $42,000,000 on the property 
the city proposes to purchase. The bond election will be 
held on Apr. 27, 1915. 
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Engineering Problems of the Pan- 


ama-Pacific 


Exposition 


By A. H. Markwart* 





)PSIS—The great international exposition 

ix to he opened this week at San Francisco 

cork of enginet rs. The story of tts creation 
hriefly told by one of the enquneers who has 

chief responsibility for this vast work, There 
doubt that the most wonderful of all the 

its at San Franctsco ts the Exposition ttself, 

] few short months the constructive gentus of 


vers has transformed an area of lide-swept 

rsh to a beautiful park in which rise a series of 

palaces richly adorned, Every branch of en- 

ering has contributed to the final resull; and 

the entire exposition has been finished in time 

within the original estimate of total cost ts not 

e least of the items for which engineers may well 

fah'e credit, 

<csstnisiesselgla ahaa iat 
Announcement of the successful completion of the con 
struction work of the Panama-Pacific International Ex- 
position prior to the opening day (Feb, 20, 1915) and at 
a cost within the sum set aside for the purpose, is certain 
ly of interest to engineers. Although the problem was to 







PLAN OF THE PANAMA-Pactric 
INTERNATIONAL EXPOSITION 


(Reproduced from “Engineering News,” 
Nov. 6, 1913) 


a large extent an architectural one, engineering talent 
nevertheless was primarily responsible for the work from 
inception to completion. 

Exposition engineering may be said to be a combina- 
tion of general construction, city engineering, city plan 
ning and city management. The many difficult cost prob- 
lems arising out of the commendable zeal of the architects, 
sculptors and artists to produce superlatives were hap- 
pily solved ‘by the engineers in that they controlled the 
ludget with a firm hand; that this control was not unin- 
telligently exerted will be seen in the general artistic re- 
sults, but the cost did not exceed the allowance, 

Expositions are short lived. Exposition buildings, 
therefore, must be temporary but yet safe and convenient 
no matter how crowded. First cost and salvage must be 
considered. A definite pregram is almost an impossibil- 
ity, consequently flexible designs are essential.on account 
of the many changes which are constantly demanded. The 


—e 


_ *Assistant Director of Works, Panama-Pacific Exposition, 
San Francisco, Calif. 


ideal exposition engineering should attain low cost, 
speedy completion, sutliclent strength and capacity, a 
short life, low wrecking cost and high salvage value. 

Opportunities for such a wide range of work as was 
here necessary are seldom presented to the engineer \ 
good organization and plenty of assistance were necessary 
to cover the varied tields At one time as many as V5 
estimators, 66 architectural draftsmen, 140 civil engi 
neers and draftsmen, 23 inspectors, 34 electrical engineers 
and draftsmen and 50 clerks and stenographers were on 
the division of works’ payroll. 


Hlisvory, Progress anp Scort 


The Exposition was first suggested in one of the com 
mercial organizations of San Francisco in January, 1901 
In Janaary, 1906, an Exposition bill was introduced in 
Congress; but in April, 1906, the great earthquake and 
fire occurred. 

In October, 1909, San Francisco had the Portola Fe 
tival which caused a revival of interest in the proposed 


Exposition. The Panama-Pacitic International Exposi 
tion was incorporated Mar, 22, 1910, and at a big mass 
meeting on the tloor of the Merchants’ Exchange there 


SAN. FRANCISCO 
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was subscribed in about two hours the significant sum of 


$4,089,000. At a special session of the Legislature Sept. 
26, 1910, two constitutional amendments were proposed 
for the approval of the voters—one to raise $5,000,000 
by a state tax and the other to permit San Francisco to 
bond itself for the same amount. Both were voted and 
passed on Noy, 8, and on Nov. 15, the city passed a char- 
ter amendment covering the $5,000,000 bond issue. A 
joint resolution recognizing the Exposition passed Con- 
gress and was signed by President Taft. 

The hydraulic fill in Harbor View basin was begun Apr. 
13, 1912, and finished Sept. 7, 1912, The contract for Ma- 
chinery Palace was let Jan. 7, 1913, and the work was 
completed Mar. 10, 1914. The last large contract, that 
for the California Building, was let May 25, 1914, and 
finished Jan. 25, 1815. All Exposition construction 
except minor small pieces will be completed by the open 
ing day, Feb. 20, 1915. There were 750 construction 
contracts let, covering sums ranging from $500 to 
$800,000, 
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Thirty states and territories and twenty foreign govern- 
ments have erected pavilions. Some 60 concessions have 
erected quarters in the Zone or Amusement Street. Ap- 
proximately 1500 exhibitors will erect booths within 
the exhibit palaces. 


ARRANGEMENT OF BUILDINGS 


By reference to the block plan (reproduced herewith 
from ENGINEERING News, Novy. 6, 1913), it will be seen 
that the main Exhibit Palaces are twelve in number. They 
furnish an exhibit area of 64.5 acres. Eight of these form 
the Main Group and although separated by open courts 
and avenues, they are connected here and there with vari- 
ous towers, arches and other architectural monuments, so 
that these eight buildings will in reality form one im- 
mense building with open-air interior courts. 

The five other buildings form separate units. Fronting 
the main entrance to the grounds and on the north and 
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construction of timber columns, studs. 
sheathing, lath and plaster. 

The Palace of Fine Arts was constructed with 
frame with walls and roof of cement plaster on 
fabric. The roof slab is approximately 3 in. thick. 
the vertical walls have a thickness of 21 >in. Ribbed 
lath, No. 24 gage, with a total thickness of the falyi 
in. was used. The lath sheet is laid horizontally and 
ened to the steel frame by means of special wir 
placed 5 in. on centers. The corrugations of the Jai 
terlock at the ends and are wired with No. 16-e4; 
wires at intervals of 12 in. 

The cement plaster consisted of one part portla: 
ment, three parts sand and a small amount of hair. 
tempered with lime mortar to set up hard and firm. 
first coat of plaster was applied to the fabric on the out 
and floated to an even surface with a depth of at least 
in. over the extreme projections of the metal. After ¢ 


yrooved 


™ 


ra Aeroplane View 
Main Group of Exhibit Palaces 
Panama Patific International Exposition 
BPA ncisco, Dec. 13th, 1914 
Rye n mer: 100m o © 6) MeL) eng 
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AEROPLANE VIEW OF EXPposITION BUILDINGS 


south axis is the Tower of Jewels, the gateway to the 
Court of the Universe. 


MATERIALS AND Metucps oF CONSTRUCTION 


i‘o secure economy, the Exposition structures being 
temporary and San Francisco being near large lumber 
producing centers, wood was chiefly used for the build- 
ings. 

With the exception of the Palace of Fine Arts, the 
dome and dome substructures of the Palace of Horticul- 
ture and the Tower of Jewels, the frames of all the build- 
ings, including the wall studding and the sheathing, are 
of timber, requiring seventy million board feet. 

Fire walls were used, composed of 6-in. concrete rein- 
forced by 1-in.sq. steel bars 18 in. c. to c. in both direc- 
tions, and are supported by concrete spandre! beams, which 
are in turn supported by reinforced columns. These col- 
umns rest upon concrete caps supported on wooden piles. 
About 6400 cu.yd. of concrete were required for this pur- 
pose. These fire walls are used in place of the regular 


first coat had set, the opposite side of the metal was plas- 
tered as noted for the first coat, allowing for a total thick- 
ness 21% in., including the final plaster coat. This gave 
essentially a reinforced wall of a minimum thickness. 
Concrete was not used because it would have been neces- 
sary to provide a thicker wall with a consequent higher 
cost. There is a final coat on all plastered walls of hard 
wall plaster, colored and stippled in imiitation of traver- 
tine. This surface is the characteristic finish on all of 
the exhibit palaces. 

Similar wall construction to that just described was 
used for the Tower of Jewels, except that the plaster wal! 
was supported by a wooden instead of steel frame. In 
the design of this tower, the type of construction adopted 
was a steel structure which supports the timber framework 
of the floors and walls. While this construction is not 
fireproof, it may be termed fire-resisting, approaching 
what is commonly known as “mill construction.” 

In general all footing grillages, whether for pile o1 
spread footings on earth, are of timber. However, there 
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ices where footings have been made of concrete 
ed with steel bars. 
:former vaults for alternating-current transform- 
located in all the main exhibit palaces. Since 
vaults were required to be of fireproof materials 
ave been built of reinforced concrete throughout. 
s vaults are approximately 11x20 ft. and 9 ft. high 
-in. walls reinforced with 3¢-in. square bars 18 in. 
nters horizontally and vertically. 
concluding the summary of construction methods 
materials, it should be said that every effort was made 
id the use of permanent materials wherever this was 
ible. The fire-resistant qualities of concrete, with 
it. strength and cheapness when compared with steel and 
brick construction, showed it to be a logical material 
whore fire-resisting materials were required. Steel frames 
were used only when the type, character and size of the 
construction were such as would not permit the use of 
timber, 


Hypraunic Fin 


‘Two hydraulic fills—1,300,000 cu.yd. at Harbor View 
and 400,000 cu.yd. at the Presidio—covering an area of 
18} acres, were made at a cost of $302,000. The larger 
fill which cost $218,000—producing 70 acres of Exposi- 
tion area—is worthy of particular mention. 

Harbor View material was pumped by means of a stand- 
ard dredge from a depth of 30 to 50 ft. through pipes 
varying from 600 to 2000 ft. in length. The discharged 
material had 8 to 10% solid matter and that left in the 
fill was approximately 70% sand and 30% sea mud. 

The fill in the Presidio was very shallow and did not 
exceed 6 ft. in depth. The material was mostly sand 
with a slight percentage of mud and frequently large 
boulders and was pumped from 800 to 1500 ft., the 
dredge standing at all times not less than 300 ft. from 
the shore line. 

The fills proved satisfactory, as the installation of roads 
and gardens and the work of pile driving and construe- 
tion of the Exhibit Palaces took place immediately upon 
completion of the fill, a procedure which is unusual in 
the case of many new fills. 
from settlement. 


There has been no damage 


GARDENS 

Since almost all of the site was of sand, 55,000 cu.yd. 
of loam and 30,000 cu.yd. of fertilizer had to be handled 
in order to create the many gardens and parking spaces. 
In general, the site was barren of foliage. The 68 acres 
of finished gardens at a cost of $497,000 present lawns, 
small trees, large trees, shrubs, bulbs, annuals and peren- 
ials to an extent that seems unbelievable when the original 
condition of the site is remerabered. 

SEWERS 

The sewer system consists of 54,500 ft. of combined 
sewer, 20,000 ft. of sanitary sewer and 55,500 ft. of storm 
sewer embracing 106,000 lin.ft. of 4- to 24-in. vitrified 
pipe and 22,000 ft. of 10- to 51-in. wooden-stave pipe 
and 2000 ft. of 2x2-ft. to 2x4-ft. box culvert. This sys- 
tem cares for the drainage of about 485 acres and dis- 
charges the storm waters from roofs and grounds and the 
sanitary drainage from the States, Foreign Exhibits and 
Concession Districts, into the Bay; it was built at a cost 
f $141,000, not including catch basins nor catch-basin 
onnections, or approximately $290 per acre drained. The 
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NEWs, 


For comparison, the Jamestown Exposi 


sewer system described in) ENGINEERING 


Nov. 27, 1913. 
tion had 12,000 lin.ft. of sewer ranging in size from 6 in. 
to 10 in. 


Was 


Roaps 

One of the most annoving problems which arises in ey 
position work is that of roads during the pre-exposition 
period. The tratlic is so heavy that the roads are general 
ly reduced to mud or dust by the opening day. Road 
making and the work of other construction must be car 
ried along simultaneously with consequent resulting con 
flict. 


cisco by the use of temporary plank roads laid through 


Many of these difficulties were avoided at San Fran 


Red-rock 


macadam base was laid prior to the greatest bulk of build 


out the grounds, mainly in the garden plots. 


ing construction, but after sewer, water and other pipes 
and conduits were in place. The red rock, having a high 
percentage of clay, was easily compacted by watering and 
rolling, after which traffic was permitted on the roads. 
Finally, at intervals during the progress of the general 
work, various roads and portions of roads were barred to 
traffic and then brought to a grade and surfaced in general 
with a %-in. asphalt and sand mastic or sheet asphalt of 
a thickness of 84 in. or 1 in. er 1% in., depending upon 
the ultimate use to which any given road was to be put. 
To protect this asphalt, the road plank was again laid, 
this time over the asphalt, over which the balance of con 
struction materials were hauled shortly prior to the open- 
ing day, when the road plank was finally discarded. Many 
annoyances and obstructions were thus obviated. 

Not including irregular areas, there are 15 miles of 
roads and paths varying in width from 64 to 10 ft. The 
total area of paved roadways and paths outside of that 
charged to courts and buildings is 3,278,000 sq.ft., built 
at a total cost of $445,000, not including the cost of tem 
porary road planks, but including wooden curbs and catch 
basins and branch sewer connections. } 

Approximately 1,247,000 sq.ft. of the same type of 


pavement was laid in connection with the buildings 
. . : 
and courts. The red-rock macadam base averaging & 


in. thick cost about 8c. per sq.ft., including the quarry- : 

ing by means of a steam shovel at the quarry site directly 

across the bay and the barge transportation therefrom to ; 

the Exposition. Asphalt mastic, 34 in. thick, and sheet } 

asphalt, 34 in., 1 in. and 11% in. thick, were laid at We 

a cost of 1'/,, 1.9, 2.9 and 3.77¢. per sq.ft. respectively. 
: 


PALACE OF MACHINERY 


Of the wooden frames, that of the Machinery Building 
is perhaps the most interesting, this being, it is believed, 
the largest timber-framed building in point of cubic con- 
tents ever constructed. The building is 968 ft. long and 
368 ft. wide. It has three longitudinal bays 75 ft. wide | 
and 121 ft. high with longitudinal side aisles 70 ft. wide 
and 53 ft. high. There are three transverse bays 75 ft. 
wide and 136 ft. high. Arched trusses, analyzed as sim 
ple trusses, span the main longitudinal and transverse « bi 
bays and have their spring line at 66 ft. and 81 ft. from | 
the floor respectively, which is unique, since it leaves these 
unsupported heights of wooden columns. The building, i 

| 


23 


(as described in ENGINEERING News of Novy. 6, 1913) 
covers 370,000 sq.ft., has a space of 38,000,000 cu.ft., 
contains close to 8,000,000 ft. b.m. of lumber and cost 
$630,000 complete. 
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MaIn Group 


The Main Group of eight palaces is 2756 ft. long, 1250 
ft. wide and 43 acres in extent, all with wooden structural 
frames. Each building has major longitudinal and trans- 
verse aisles with a dome at the intersection. The main 
aisle trusses in clerestories are three-hinged arches 82 ft. 
span and 96 ft. high, with a spring line 51 ft. above the 
The domes, 100 ft. in diameter and 162 ft. high, 
consist of 32 ribs (each pair having been analyzed as a 


floor. 


three-hinged arch), resting upon a circular girder which 
in turn is supported by four girders forming a square of 
102 ft., at the corners of which are framed diagonal 
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high. Through this box is passed a barrel yault 


\ 


width of 52 ft. and a height of 90 ft. The walls « 
structure consist of the usual travertine plaster (/ 
NEERING News, Nov. 6, 1913), grooved sheathing 
and studs supporting by a timber frame of post 
construction, 


and 1 
The exterior is richly treated wit} 
ornament, color and mural paintings, and the arch j 
mounted by a sculptured group, weighing approxin 
15 tons. 
Tower OF JEWELS 
From an engineering and architectural standpoint, 


Tower of Jewels is unique. The structure is 435 ft. |; 





A TypicaL Doms oN ONE OF THE MAIN Group OF BUILDINGS 


girders affording four additional supports for the circular 
girder. An unsupported height in one direction of 90 
ft. for dome column prevails. The roof over all portions 
of this group not covered by the domes and clerestories is 
supported by modified Howe trusses 70- to 80-ft. span, 26- 
to 27-ft. centers of an average depth of 10 ft., having 
their lower chords 40 ft. above the floor. 

The Court of the Universe, the main court of the Ex- 
position, has two Triumphal Arches at its east and west 
entrances. These arches are immense timber structures, 
each of which may be structurally described as a huge, 
rectangular box 60 ft. wide by 127 ft. long and 147 ft. 





with the exception of the new Smith Building in Seattle, 
it is safe to state it exceeds in height any structure west 
of Chicago. 

An uninterrupted clear height was necessary to produce 
the barrel vault. This was accomplished by the use of 
two-hinged arches approximately 126 ft. in height from 
the bottom hinge to the center of the lower chord, having 
a span of approximately 115 ft. on pin centers. On top 
of six of these two-hinged arches rests the balance of the 
huge structure. 

Of particular interest are the special cast-steel spherical 
bases for the support of these main frames. It was be- 
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hat the use of this type of base would facilitate 
and assure vertical reactions in case of settlement 
oundation or changed conditions. 

novel and spectacular feature of this structure is 

iny imitation jewels hung upon its surface. The 

parts of this Tower have been picked out by 

of these jewels which are from 21 to 47 mm. in 

rer. They have a cut similar to the Sumatra cut, 

act number of facets, however, having been com- 

and checked by experiment. These imitation gems 

Austrian manufacture, of the highest grade, with 

lished facets. About 100,000 of them are used on 

ower and they are mounted in such a manner as to 

asy play in the air currents and glisten and sparkle 

light. Searchlights with colored screens throw 

hears of light upon the Tower and other structures which 
contain these jewels during the evening illumination. 

The Tower proper contains 3,440,300 ecu.ft.. has 1403 

tons of structural steel or 0.816 Ib. per cu.ft. and cost in 


_ 


A 
a 


pet Lf 


Ltt Tote Ty | 


A 


place 4c. per cu.ft. The entire architectural feature in 
cluding two side colonnades contains 3,907,500 cu.ft. and 
cost 10.67¢. per cu.ft. of inclosed contents. 





PALACE oF Fine Arts 


The Palace of Fine Arts, built of steel and fire-resist- 
ant materials, is curved in plan, being about 950 ft. long 
measured along the center arc, and about 135 ft. wide, 
covering 126,000 sq.ft. 

Three-hinged arches 131-ft. span and 36-ft. centers 
somewhat unusual on the Pacific Coast—provide the in- 
teresting structural feature. The height from floor to 
center hinge is 48 ft. Underneath the wooden fleor, 8- 
in. steel channel ties connecting the lower hinges resist the 
arch thrust. 

These three-hinged arches, weighing approximately 25 
tons each, were erected in halves, each half being first set 
upon its steel base, after which the ends were swung to- 
yether at the center and the center pin slippd into place, 
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the arches meanwhile being supported by the derricks wi 
til the cross bracing was set. The steel frame cost $123.- 
000 and weighed 1437 tons. or 0.492 Ib. per ¢ u.ft. of ine 
closed contents. The total cost of the building with its 
rotunda ard colonnade was $630,000, or approximately) 
$3.10 per sq.ft. area covered 


PaLace or Hortricunrunt 


Interest attaches to the all-glass dome of the Palace 
of Horticulture. Its supporting frame was figured as a 
true dome; it consists of 2+ steel ribs connected by 11 
horizontal rings. The upper portion of the dome is hem 
ispherical with a diameter of 152 ft.. while the lower por 
tion is a cylindrical shaft with the same diameter and a 
height of 24 ft., the whole being supported upon plat 
girders and trusses, framed between eight structural 
piers 65 ft. in height. 

An idea of the magnitude of this dome may be had 
when it is compared with some of the most famous domes 
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Erectinc Turee-Hingep Stern Arciues FoR THE PALACE or FINE Arts 


now in existence. The diameter of the Pantheon of Rome 
was 142 ft.; that of the Duoma of Sta. Marie del Fiore at 
Florence 139 ft.; the United States Capitol at Washing 
ton, D. C., 13514 ft.; while the famous dome of St. Peter’s 
at Rome is 139 ft. in diameter. The dome of the Palace 
of Horticulture at the World’s Columbian Exposition at 
Chicago had an outside diameter of 187 ft.; the dome 
under discussion, however, exceeds that of the Chicago 
dome in one dimension, namely, its extreme height being 
185 ft., while that of the Chicago dome was 135 ft. 

To secure all the stiffness possible in the dome frame 
proper, all connections were riveted. However, all connec- 
tions below the dome were bolted in order that the dis- 
mantling of the structure would be facilitated. 

The steel frame rests upon a timber grillage supported 
by piles. The weight of the steel in the superstructure 
of the dome proper, which consists of all the structure 
above the level of the top of the plate girders, is 200 
tons. The surface area of this portion is 47,000 sq.ft. so 
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that the weight of the steel in the dome proper per square 
foot of superficial area is 84% lb. The volume of this 
portion is 1,317,000 cu.ft., making the weight of steel per 
cubic foot 0.304 lb. The weight of steel in the substruc- 
ture or that portion of the steel frame below the level of 
the top of the plate girders is 200 tons, making total 
weight of steel in the frame 506 tons. The cubical con- 
tents of the volume inclosed by the steel frame is 2,817,000 
cu.ft., giving an average weight of steel per cubic foot of 
0.358 lb. The cost of the steel erected was approximate- 
ly $55,000. 


Festival Haun 


This building—a huge dome with large arched openings 
on two sides—in effect a hemisphere of 86 ft. radius, in- 


True Tower oF JEWELS BY NiGgHt ILLUMINATION 


tersected on one axis by a cylinder of 98 ft. diameter, ne- 
cessitated unusual framing. The supporting structure 
may be described as a pyramidal dome of 140 ft. diame- 
ter framed of 16 trussed ribs, and supported on four 
main piers and eight columns. The dome is surmounted 
by a lantern 65 ft. high. The four ribs occurring over 
the arched openings are carried by two trusses spanning 
a distance of 77 ft. between the four piers referred to. 
The pyramidal dome is designed as a true dome, the 
upper chords of the trussed ribs taking the whole weight 
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of the roof and ceiling in compression, the ring . 
being all compression and taken by timber struts. < 
ly framed and wedged into the ribs. The rine ; 
at the supports is received by two 314-in. rods, fitt 
special castings on the ends of the ribs. The lower 
of the trussed ribs and also the diagonal web » 
take stress only from wind. 

The dome roof, with a diameter of 172 ft.. is by 
of roofing and sheathing supported on 2x6-in. ; 
resting on light studded walls. These walls are ¢a 
by special beams spanning from rib to rib, and di; 
above but independent from the dome ribs. This 
sideration is an important one in a dome of this 

The interior domed ceiling, with a diameter of 136 
in., is suspended from the trussed ribs. Particular a: 
tion was paid in erection to provide that the trussed 
would not act as trusses until the total dead load was 
the roof. This was accomplished by special connect 
for the diagonal web members. 

In erecting the dome, a central tower was construct: 
from the floor to the under side of the circular tru 
Wedges and jacks were placed between the top of {| 


lf 


t 


tower and the bottom of the circular truss, to insur 
an even distribution of load on the dome when the towe: 
was removed. 
The building cost $253,000, not including a $43,000 
oa > + 
organ, nor any of the furnishings, and will seat about 
2700 persons. 


WATER SUPPLY 


Original plans contemplated that the Spring Valle, 
Water Co. would deliver to the Exposition from 2 mil 
lion to 3144 million gallons of fresh water per day, these 
quantities having been preliminarily determined as thos 
required on days of small and days of large attendanc 
respectively. 

The company, however, found it could not undertake to 
bring into the city an additional supply of water to 
serve the Exposition as well as the needs of the city dur 
ing the Exposition period. The average daily city con- 
sumption for 1913 was approximately 40 million gallon- 
and it was estimated that this would reach 55 million gal 
lons by the early part of 1916. 

One million gallons has been secured from Lobos Creek 
and one to one and one-half million gallons from wells 
in Golden Gate Park, the balance will be furnished from 
wells on the Exposition: grounds and from the Spring 
Valley Water Co. The water supply will be filtered. 

The water is stored in the Presidio reservoir at an ele 
vation of 375 ft. To reduce the pressure to 80 Ib. in 
the distribution system, a pressure break consisting 0! 
standpipe, tank and automatic altitude control valve, has 
been installed below the reservoir. 

The distribution system within the grounds and the 
supply system and equipment without the grounds, eacli 
cost $100,000. 


Evectric ENERGY 


The Exposition has entered into a contract with the 
Pacific Gas & Electric Co., which supplies practically all 
the central part of California with electric energy and gas. 
having over 90,000 kw. in hydro-electric installations and 
approximately 100,000 kw. in steam installations. The 
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stipulates that for the Exposition period, -the 

Ny on shall be supplied with three-phase, 60-cycle 

‘ing current at approximately 11,000 volts or 4000 

: may be determined. The electric company is 

l by its contract to furnish at any time not more 

1000 kw. in the aggregate between the hours of 5 

-. 30 in the afternoon of any day, not more than 

| kw. in the aggregate at any other time unless the 

y is able to spare an additional amount from its 
onsumers. 


energy is to be delivered at a substation built 
in the west end of the Sierra & San Francisco Power Co.'s 
” station, about 525 ft. east of the Palace of Machin- 


The 18,000-kw. steam plant of the Sierra & San Fran- 


cisco Power Co. is to be kept in constant operation, so 
that in case of interruption of Pacific Gas & Electric ser- 
vice to the Exposition, the load may be taken over with- 
out delay by the Sierra & San Francisco Power Co.'s 
plant. The energy used by the Exposition company is 
transmitted from a 50,000-kw. steam station in the 
southern part of San Francisco. The current is led 
underground across the city through three 11,000-volt 
No. 0000 cables to the Exposition grounds. 





The electric company receives for capacity reserved dur- 
ing the Exposition period $18,000 per month, plus an 
energy charge of 5c. per kw.-hr. for energy actually 
consumed, The Exposition has a similar method of 
charging its customers. 

TELEPHONE SYSTEM 

A complete telephone system has been installed to 
handle special Exposition service. Wires and cables are 
underground, duct space having been provided with the 
electric conduits. Provisions have been made to handle 
1000 subscribers as well as the inter-exposition business 
of the Exposition company. The central equipment 
and organization are those of an ordinary city of 10,000 
people. 


PASSENGER TRANSPORTATION 


Passenger transportation within the grounds will be 
accomplished by the use of automobiles, storage-battery 
chairs, and a miniature steam railway. The miniature 
railway will run from a point to the east of the south end 
of Machinery Building, thence along the Marina to the 
westerly end of the grounds. No other means of trans- 
portation will be provided. 

Traffic outside the Exposition grounds will be handled 
by the United Railroads and the Municipal street railway. 
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GARBAGE DISPOSAL 


A contract has been let foe the disposition of all Ex- 
position refuse by means of a single-unit garbage-reduc- 
tion process, including the colleetion by means of motor 
trucks especially fitted up to receive the filled cans. The 
garbage is treated in air-tight steel tanks, the grease re- 
moved and garbage meal for stock and fertilizer made 
from the tankage. Arrangements are made for partici- 
pants to use separate cans for organic matter and ordi- 
nary waste—the waste as far as practicable becoming the 
fuel supply for the operation of the reduction plant. 


Fink PROTECTION 


As the frames of nearly all the buildings are of wood, it 
will be seen that there is a tremendous fire risk. The 





ILLUMINATION OF NortTH WALL OF MINES AND TRANSPORTATION BUILDING 


fires at the Chicago Exposition and the burning of the 
buildings at Brussels indicated that fire protection and 
lire prevention must be made a part of the construction 
program, 

The measures adopted include a regular equipment of 
fire-fighting apparatus, such as motor-driven fire engines, 
hose wagons, hook and ladder trucks, ete., a high-pressure 
water system throughout the grounds and buildings with a 
static pressure of 300 Ib. per sq.in. (see ENGINEERING 
News, Nov. 27, 1913), a low-pressure secondary water 
system throughout the grounds and buildings with a 
static pressure of 80 |b. per sq.in., automatic sprinklers 
throughout the interior of most buildings and open cor- 
nice sprinklers on buildings facing each other and spaced 
150 ft. or less, a regular fire-alarm system and automatic 
alarm circuits, and, finally, such protective devices as 
wheel and hand chemical extinguishers. 

An innovation in exposition-building construction is 
the use of concrete fire walls, which extend from the 
ground to the top of the various parapets and subdivide 
the Main Group of buildings into separate units for the 
purpose of preventing the spread of any fire which might 
arise in any given building of the group. These walls are 
located at the ends of structures connecting two buildings 
across an intervening court. 


Costs 


The costs given herein were made up by the recapitu- 
lation of actual force account expenditures and contract 
obligations to Dec. 1, 1914, to which was added an esti- 
mate of the financial obligations between this date and 
Feb. 20, 1915. 

The total cost of the genera! construction work, includ- 
ing clearing the grounds, grading, sewers, water supply, 
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roads, pavements, wharves, railways, warehouses, tempor- 
ary buildings, race track, drill grounds, polo field, ath- 
letic field, etc., was $2,080,000. 

Not including work within buildings, the mechanical 
and electrical features of the Exposition, covering the 
overhead and underground distribution system, street 
decorative lighting, refuse-disposal plant and telephone 
system, cost $430,000. Fire protection cost $179,000, not 
including fire walls, motor-driven fire apparatus, or high- 
and low-pressure water systems. 

The gardens and planting represent an investment of 
$497,000. 

expenditures for the buildings, with related decorative 
painting and temporary plank roads for handling lumber 
and other material, aggregated $5,429,000. The included 
the fire walls, foundation piling, plumbing and electrical 
work, exterior decorative painting, but not the automatic 
sprinkler system nor the cost of the plans and specifica- 
tions. 

Purely decorative features were, for construction and 
accounting purposes, segregated. These consist of the 
following: Courts of the Universe, Four Seasons, Abun- 
dance and Palms and Flowers, with the related decora- 
tive painting; Art Gallery Pool; South Garden architee- 
tural treatment; fountains; seawall treatment; Fulton 
Basin treatment; entrances and exists; flags and banners ; 
sculpture ; mural paintings; Exposition jewels ; and music 
concourse. The expenditure in this direction was $1,- 
889,000. 

“Miscellaneous” items, such as drinking fountains, 
benches, furniture, scintillator for night lighting displays, 
boat landings, ete., cost $107,000. 

Including salaries of administrative officers, architects’ 
fees, salaries of all draftsmen and architects employed by 
the Division of Works, salaries of engineers and drafts- 
men of the civil-, structural-, mechanical- and electrical- 
engineering departments, plans and specifications, sta- 
tionery, blueprinting, office expense, etc., the operating 
cost of the Division of Works was $1,060,000. 

The cost of the site in one way or another up to the 
opening day was $1,162,000. This covers leases, rentals, 
purchases, assessments and all incidental expenses in con- 
nection therewith. 

In addition to the activities undertaken by the Expo- 
sition upon the Exposition Grounds, there has also been 
erected by the Exposition an Exposition Auditorium at 
the San Francisco Civic Center, on a site allotted by the 
municipality for the purpose. This is a permanent fire- 
proof building with a capacity of approximately 10,000 
people and it conforms to the requirements of the City of 
San Francisco for its Civic Center. The total cost of 
this building in round numbers was close to $1,290,000, 
of which the City of San Francisco paid $210,000, leaving 
a net cost to the Exposition of $1,080,000. This sum was 
carried in the budget and covers the building complete 
with a $40,000 organ, the fixed and movable opera chairs 
and the cost of the plans and specifications. 

While not wholly an Exposition activity, the California 
Building was built by it, chiefly out of funds raised by 
an association of California counties. The total cost of 
this building was approximately $416,000 to which the 
Exposition subscribed the sum of $150,000. The full cost 
was carried in Division of Works’ budget and covers the 
building proper, all appurtenances, the preparation of 
adjacent grounds, the gardens and furniture. 
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In connection with cost figures, it is well to 
practically all the electrical apparatus was loa), 
Pacific Gas & Electric Co. in consideration of a; 
contract for energy ; under this arrangement the , 
laid and paid for all gas mains. A further red 
cost lay in the acquisition of much apparatus o: 
and rental bases or at special reduced prices. 

Definite lines of demarcation between the pre-| 
tion and Exposition periods were not possible, as 
some of these pre-Exposition accounts were co) 
consequently some of the obligations may acty 
slightly more or less than the sum named. This vy 
will probably be not greater than 1 per cent. eitly 
Some of the obligations above outlined were pot 
until after the opening day. However, most read 
be able to form significant conclusions relative to 
able gross construction cost. 

ei ae : : ; 

This information may be briefly summarized as fo 
General construction ............... 
Mechanical and electrical features... { 
Ri, |, ES i pr aaitee | 
Gardens and planting ein 19 
Buildings See Oe nr ee 5,4 
i ar ots as a wis SA Kale aE v's see L's 
Miscellaneous items ................ ee 1 
Operating equipments ................. ie a 96 
Divisions of Works, Administrative, Engineering 

and Architectural and Superintendence......... 1,060, 01 
Se COMUNE «4.6 v a0 c/db td Bhs 64's a Ke ary osteo 1,162.00 


Exposition Auditorium - at 1,080.00 
ee SR Oe ee ee oan ; 416,00 


Total of all Division of Works’ activities and 
budget as authorized Dec. 8, 1914.............. $14,425,000 


About $17,160,000 represents the total expenditures o 
all divisions and departments of the present Expositio: 
to the completion of the pre-Exposition work, divided up 
approximately as follows: 


Sahara dary es $2,0 


Division of Works’ ‘activities (from the above).... $14,425,000 
een War COED lurk 6c Ee betes bs we he bk Bek ; 400,000 
Division of Concessions and Admissions......... 110,000 
Division of Exploitation and Publicity 450,000 


Special unattached departments................... 450,000 
Administration ........... : 
Miscellaneous expense 

Promotion 


aoe HOC 375,000 
errr ht ek es 375,000 


Coe RASCH COR OREH COSHH RESO OC 375,000 


OS Sewn e as ; <a, wee Ree ea ie ee $17,160,000 
Expenditures are given in round numbers and are taken 
from the best information now available. Some change: 
will occur when the books are closed but will not probably 
be material. 

From the above will be taken a unit Exposition cost 
covering all pre-Exposition activities of $266,000 per acr 
of official exhibit area. It appears that construction cost 
alone at Chicago was $182,000 per acre, that of Buffalo 
$292,000, while that of St. Louis was $150,000 per acre. 

The operating expenses will be covered by the gate 
receipts and percentages from concessionaires; present 
indications are that the attendance is going to be good. 
There has been a total paid attendance of 756,331 per 
sons during the pre-Exposition period from September, 
1913, to Jan. 10, 1915, from which the receipts were 
$189,000. In order to finish the work without interrup- 
tion, the grounds after Jan. 10 and until the opening day 
were closed to the public. The pre-Exposition income 
paid the cost of gatemen, guards, upkeep of finished 
pieces of work, maintenance of roads, gardens and other 
incidental items prior to the opening day. 

Preliminary estimates of operating costs indicate an 
Exposition period expense of $12,000 a day which will be 
met by the gate receipts. Ten million paid admissions 
are predicted during the 288 days the Exposition is open. 
This figure is advanced by experienced Exposition author- 
ities and it is believed to be reasonable considering the 
attendance during the pre-Exposition period. 
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Great Relief Map of the 
Panama Canal 


has just been completed at Washington one of 
st relief maps ever constructed. It is a map of 
ama Canal extending from ocean to ocean. The 
plotted on a seale of 1: 5000 for the horizontal, 
larger than 1 ft. to the mile, and 1: 2500 for the 
As the map covers the 10-mile width of the 
one, the entire map is 10 ft. 6 in. in width and 50 
neth. The length of the map is in fact so great 
accompanying photograph taken from the At- 
end of the map shows only that end clearly, and 


ENGINEERING 


NEWS 


To give a realistic effect to the map, it has been colored 
to correspond with the natural features, such as water, 
forest-covered area, ete., and tiny models of vessels are 
placed along the map in the sailing channel. 

In making this relief map the official topographic maps 
of the Canal Zone were used as a basis. These maps were 
mounted on pasteboard about YQ in. thick and carefully 
cut out along each 20-ft. contour. These cardboard out- 
lines were then pasted upon each other in the proper 
position; and to smooth up the intervals between the con- 
tours and make uniform slopes, modeler’s clay was used. 
In this manner a correet map was built up over the entire 
area, the work being done In ten sections, ear h covering 


A LarGe Revier Map or tie PANAMA CANAL 


(Modeled for the Panama Canal by Howell’s Microcosm, Washington, D. C.) 


the Pacific terminal of the canal almost disappears in the 
diminishing perspective. 


We have, therefore, supple- 
mented this view with a second view showing the Pacific 
part of the map, extending as far northward as the deepest 
part of the Culebra Cut. 


the 10-ft. width of the map and 5 ft. in length. When 
one of these sections was completed, a mold was taken 
from the original, and the final relief map was cast in this 
mold in papier mache. When the section thus cast was 
thoroughly dried, the surface was smoothed, and it was 


View or THE Pactric ENp or THE PANAMA Retier Map 
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then painted and lettered and fitted with the models of 
war vessels, ships, buildings, locks, ete. 

This relief map of the Panama Canal has been con- 
structed by Howell’s Microcosm, of Washington, D. C., of 
which Mr. Geo. Robertson is manager. This concern has 
constructed many relief maps for the government during 
The relief map is to be exhibited in the 
Liberal Arts Building of the Panama-Pacific Exposition, 
and after its close will be returned to Washington and set 
up in the National Museum. 

There has also been constructed a working model of the 
Pedro Miguel lock in the canal. The model is made on 
a scale of 1 to 600 and measures 10 ft. in length and 3 ft. 
6 in. in width. 


past years. 


% 


The Working Model of the 
Panama Canal at the 
Exposition 


A working model of the Panama Canal will be one of 
the most interesting exhibits to engineers in the amuse- 
ment zone of the Panama-Pacific Exposition. The model 
covers an area of about four acres and the scale on which 
the production is made is 1: 600 horizontal and 1:150 
vertical. It is within an oblong amphitheater, the water 
surface (or ocean level) being about 20 ft. below the 
spectators, who have thus a bird’s-eve view of the canal 
and the adjacent territory. 

Trains will be operated on the Panama R.R., and boats 
of all sizes and descriptions will be passed through the 
canal and locks. Along the channel will be the various 
range towers, buoys and light, which will be in operation, 
showing the same flashes as are actually used on the canal. 
Much ingenuity has been displayed in working out the 
details of operation. The boats are propelled through the 
lake and the canal by means of large magnets running 
underneath the floor on which the model is built. These 
magnets are mounted on trucks which travel along steel 
rails that serve also as conductors conveying current for 
energizing the magnets. The magnet trucks themselves 
are carried along by means of an endless steel cable. 

The chief difficulty in the design has been the extremely 
sharp curves, the radius being as short as 18 in. in sev- 
eral instances. The longest single drive occurring in this 
magnet system is 480 ft. The vessels are equipped with 
iron cores which are about 21% in. above the cores of the 
magnet beneath. Upon reaching a lock, the magnetic 
influence is removed, and at this point the boat is taken 
in tow by an electric locomotive for its passage through 
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the lock. At the other end of the lock the boa; 
picked up by one of the moving magnets. 

One of the interesting features of the repro 
the manner in which it is viewed. Completely s 
ing the model, on top of the walls previously m. 
is a continuous moving platform composed of 
hinged together for negotiating the corners. 'T' 
seating capacity of 2000 people and moves at 
speed of 57 ft. per min., taking 20 min. to make tl 
circuit. The spectators get on or off the platform 
The platform is driven by means of stationary . 
motors with pinions engaging a continuous rack 
each section or car. 

Each car is inclosed by a 2-in. pipe railing, 
equipped with chairs seating seven persons. Atta: 
each car is a telephone receiver delivering to the 
pants a lecture on the objects immediately in front. 
entire concourse is divided into zones, for each of 
there is an individual lecture. 

The exhibit is being installed (and will be oy 
throughout the Exposition period) by the L. E. Mycr 
Co., engineers and contractors, of Chicago. The work is 
under the supervision of T. 8S. Johnston, chief engine 
of the company. 

"a 


Municipal Electric-Lighting 
Plants in California 


A recent bulletin of the City Club of Berkeley, Calif., 
presents all the data available on the operation of the 

7 municipal electric-lighting plants in California. This 
is summarized below. The club is agitating improved 
lighting service for Berkeley, and a special committe 
(J. T. Whittlesey, Consulting Engineer, Chairman) has 
made a survey of various services throughout the state. 

Complete electric-supply plants, with generating sta- 
tions, are operated by Alameda, Anaheim, Palo Alto ani 
Pasadena; Fealdsburg district obtains part of its cur 
rent from a small hydro-electric station ; Riverside, Glen- 
dale, Lodi, Ukiah, Biggs, Colton, Santa Clara, Gridley 
and Azusa purchase energy from public-utility corpor 
ations, but own the distributing system, light the streets 
and retail current. Burbank, Roseville and Redwood 
City are also in the latter class, but no data are available 
on operation. 

Table I shows populations, incomes, expenses, profits, 
surpluses, bonds, rates, ete. The various figures have 
been adjusted to eliminate the effect of diversified schemes 
of accounting and to place all plants on a comparable 


TABLE I—OPERATING DATA OF CALIFORNIA MUNICIPAL PLANTS; JUNE 30, 1912, TO JUNE 30, 1913 


Income 
from op- 
erating 
$143,984 
138,889 
131,727 
44,780 
40,495 
31,183 
18,858 
17,606 
16,790 
9,715 
8,196 
25,761 
16,990 
2,910 
1Operated jointly with water supply; 
8Some free lamps. ‘41914; power 3c.; heating 2c. 
generated, or average price for purchased energy. 
company has offered 0.85c. 
hp. demand per month. 
generates 25% of supply. 


Operat- 
ing ex- 

pense 
$97,921 


Oper- 
ating 
profit 
$46,063 
68,816 


Popu- 
lation 
.17,000 


Fixed 
City charges 
Riverside . 
Pasadena . .36,000 
Alameda ....28,000 
Palo Alto 5,000 
Glendale 8,000 
Lodi 

Ukiah 

Colton 

Santa 

Gridley 

Azusa 

Anaheim! ‘ 
Healdsbureg'. 

Biges' 


roe a 


Po Bo ee be et I 


Soro Hote eto 
SAAC HI a ee 


10 BOD SOM S-1e 


OO 


pa epates 
wr Merc 
~ 


oren 


_ 
SF e-loro ro 
Po im (Dor 


_ 


51914; 


PNow paying 0.9c. 


$26,262 


fixed charges apportioned and approximate. 
light 9%c.; 
‘Generated in steam stations o 
*Double rate for peak and off-peak 
“Now paying l1.5c. “4c. for peak power; 2c. for off-peak. 


Bonds - 
% out- Minimum power, 
ofin- stand- lighting -—Cents per kw.-hr.—, cents 
come ing bill Lighting Power per kw.-hr 
18 $0.50? 8to4 6 to 1.75 1.277 1.01° 
7 0.608 2 1.31 
0 


5 
008 
75 
00 
0 


Rates———————_,__ Cost of 
Sur- 
plus 


24,337 
40,668 


5 
_ 
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~ 
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= 
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Ge 8 5 


?Pumping 1.75; all lamps free. 
*Operating and fixed charges on power 
310 kw.; now shut down. *Purchased: 
per month per kilowatt demand. "$4 per 
Purchase price. 


power 7c. 


power. 


10$5 
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1I—LIGHTING BILLS IN THREE 34 
rs AND BERKELEY (PRIVATE OWNERSHIP); 
AVERAGE COMPANY RATES 


ir 1912-1913— 


Mini- Cents Bill Bill Bill Bill 
mum per for 25 for 50 for100 for 250 
bill kw.hr. kw-hr. kw.hr. kw.hr. kw.hr. 
Sake aeke $0.50 S to4 $1.87 $3.75 $7.50 $15.75 
one tg 60 5 to 3 1.25 2.50 5.00 11.75 
+ uaueees 560 7 to5 1.75 3.50 7.00 15.00 
| pak a. © See 1.75 3.50 6.50 14.50 
I> s& ElectricCo. 8 to5 2.00 3.80 7.30 15.80 
; stern Power Co. 8 to5 2.00 3.80 7.30 15.80 
"A States Gas & a x 
. » COE nan vae 6% to3% 146 2.93 5.83 13.05 
N 1 Cal. Power Co. 7 to3 70 2.90 6.20 13.70 
Cal. Edison Co. 8 to3 2.00 4.00 8.00 18.50 
= C168 -Stawecee di 6 to2h 1.50 3.00 6.00 14.62 
wanee %c. for free lamps. Purchased current. 
e free lamps. No allowance. 
ides 10% cut for Stockton. 
TABLE III—CHARGES FOR STREET LIGHTING IN REP- 
RESENTATIVE CALIFORNIA CITIES 
nicipal Plants- 
Are Incandescent 
piverside... . 2.12¢. per kw.-hr. 212¢. per kw.-hr. 
7 haga per year per 50-watt 
. res unit. 
Pa lena.. ... $60.00 per year. 4 $24 per year per 100-watt 
unit 
Alameda.....+-- 3.12c. per kw.-hr. 3.12c. per kw.-hr. 
Palo Alto.......5¢. per kw.-hr. Se. per kw.-hr 


Private Plants- 


San Francisco. . $69.35 per year. $62 per year per 210-watt 


unit. 
Oakland.....++. $68.50 per year. $27 per year per 100-watt 
unit. 
Los Angeles.... $75.60 per year. 4c. per kw.-hr., no re- 
newals. 
Sacramento..... $66.00 per year. 1.5c. per kw.-hr. 
StocktOn.....-+- $72.00 per year. $6.84 per year per 50- 
watt unit. 
Redlands........$54.00 per year. $10.20 per year per 200- 


watt unit. 

basis. The principal eliminated differences were in the 
items of public lighting, miscellaneous income and fixed 
charges. Four towns make no charge for street light- 
ing and several charge too little; for these, additions 
have been made. Where miscellaneous income (sale of 
material, wiring, etc.) is large, it has not been included. 
Several towns make no charge for depreciation; some 
charge bond redemption in annual cost; some charge 
eliminated taxes. In Table I, fixed charges cover (1) in- 
terest on outstanding bonds; (2) annual bond redemp- 
tion; (3) depreciation. A very apparent need is the 
adoption of a uniform system of accounts for municipal 
utilities. 

Personal inspection of several plants shows the fol- 
lowing condition; seven good, four fair, four poor; yet 
a small extra annual expenditure would keep them all 
good and the profits shown are sufficient for this. The 
trouble arises in small towns which cannot afford com- 
petent men. A solution was secured by the towns of 
Burbank and Glendale whereby the Glendale super- 
intendent built the Burbank distributing system and 
maintains it, the latter town paying for labor, materials 
and part of the superintendent's salary. 

The number of men employed was generally found to 
be too small—the result of a desire to show large profits 
and to prevent political criticism. 

The plants are reported, with one unimportant excep- 
tion, to be meeting all charges, paying off indebtedness, 
and earning a surplus for extensions and improvements. 
Large surplus profits and small amounts of outstanding 
bonds are generally seen. The rates could be reduced by 
the percentage of surplus to income and still have all 
charges met. 

Table II gives a comparison of lighting bills in three 
of the larger municipal plants with Berkeley (Pacific Gas 
& Electric Co.) and with general rates filed by various 
power companies. Table III gives some representative 
prices for street lighting under private and public oper- 
ation. 
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TABLE IV—DETAILED SsT 


E I mINTS OF MUNICIPAL 
ELECTRIC PLANTS, PAs \ 


AND ALAMEDA 
GENERAL DATA 


Pasadena Alameda 
36,000 Zs,000 


Population, estimated, 1913 





Total assessed valuation $54 2,815 $20,971,561 
Bonded debt ... 7 ee : 5,000 3,92 
Bonds outstanding on electric plant 281,875 
Area (sq. mile) 11.2 
Number of consumers 4.777 
Miles of pole lines 150 i 
Capacity of power station (kw.) 3,000 2.550 

(Steam engine and turbine, con- 

densing.) 
Total current generated (kw.-hr.) 1,022,230 3,611,555 
Total current sold, light and power 
€ COS is ddr bean ee ae col oar ‘ 2,284,043 1,589,920 
Total current street lighting (kw.-hr.) S70,840 1,080,916 
RATES 

Average rate for current sold 

EUMIE Ae de ciicnae (per kw.-hr.) 1.76¢ 

NN ai eae a a (per kw.-hr.) 2.62¢ 

Total private use ..... (per kw.-hr.) £.08¢ 





Charge to city for street lighting 
Are lamps, $60 
Incandescent, 40 ecp., $12; 80 ep., $24, 
and 3c. per kw.-hr., plus lamp re- 
newals wow rr 


REPORT FOR YEAR ENDING JUNE 30, 1913 


Operation Account 
Income 


Street lighting... ‘ $45,711.93 
Commercial light and power 93,177.48 


Miscellaneous 





Less discounts and bad debts 
Total : $138,889.41 $125,626.60 
Expenses- 


Manufacturing $36,840.82 $35,771.71 
Distribution: 


Public lighting.. 5.322.54 ) 29 499 5] 
Commercial pole lines 11,825.76 § seieichne Sees 
| ee akas 16,084.33 7,122.07 
Tetal <. ; ‘ 4 a $70,073.45 $65,386.29 
Operating profit ‘ 7 ; : $68 815.96 $70,240.31 
Fixed charges- 
Total interest on plant value.. $20,728.54 $10,815.00 
Depreciation io pce ~~ 24,529.33 16,519.00 
URI e's wire es ; : cweoudbdwahas Curves 2,030.00 
Total $29,664.00 





Surplus 
Unit costs- 


$40,576.31 


Generation—Operating (per kw.-hr.) 0.92¢ 0.99¢e. 
Fixed charge...... .. (per kw.-hr.) 0.40c. 0.42¢. 
1.32¢ 1.41¢. 

Production per unit sold 
(per kw.-hr.) 1.67¢. 1.90¢, 
Distribution—Operating (per kw.-hr.) 0.55. l.ile 
Fixed charges... .... (per kw.-hr.) 0.93¢. 0.55c. 
1.48¢. 1.66¢e. 
General expense...... .. (per kw-hr.) 0.50c. ictal 
Total cost per kw.-hr. sold....... 3.65¢, 3.56c. 


Capital Account 


Assets— 
EE ee ... $495,055.38 $300,244.63 
Balance from capital account 26a 26,467.89 ak las 
Inventoriog ......:. Save : : 15,237.58 2,163.33 
Personal property......... a ear ae 9,409.60 cas we 
Accounts receivable................ 16,471,89 141,540.34 
Gai na Hiknhécmeeeesnnes (jacmewus 5,125.90 724.93 
en One ING kbs ck ec taews: dames pa 66,371.71 
OO 6c Ui easiess ae A ee $567,768.24 $511,044.94 
Liabilities— 
Funded indebtedness................ $281,875.00 $193,750.00 
Contribution from premium on bonds 3,836.43 ; 
Contribution from taxes... 182,976.06 
PRIMMSS cc ciccceincs Sates : ‘ 26,467.89 


Accounts payable........... 8,065.19 
Net balance of interest reserve 


Gain in operating, year, 1913. 





CE ind gic haguurasnascteks oxy 307,345.75 
pe PT eee ee 1,884.00 
TOR: wees $567,768.24 $511,044.94 


The utility corporations have a plant capacity (steam 
and water) of nearly a million horsepower and they dis- 
tribute over thousands of miles of line. Some six mil- 
lion horsepower is available in the streams of the state 
and of this 114 million has been taken up. Another 
three million is capable of economic development. This 
makes it feasible for small cities to own distribution 
lines and purchase current at low rates. 
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Terminal Improvements of the 
Canadian Pacific Railway at 
Vancouver, B. C.* 


On account of the rapid growth of traffic at the Van- 
couver terminal of the Canadian Pacific Ry. in British 
Columbia, it became necessary about two years ago to pro- 
vide for increased facilities both for handling passenger 
and freight business. The transcontinental trains con- 
nect not only with steamship lines controlled by the rail- 
way hut with other lines which reach many points along 
the coast of British Columbia and the United States and 
transpacific points. The interchange of traffic between 
railway and steamers as well as between the city of Van- 
couver and other points necessitated somewhat unusual 
terminal provisions. 

A general plan of the Vancouver terminal situation 
and the: relation between the railway passenger station, 
steamship wharves, viaducts and local freight yard is 


Fic. 1. Layour or PASSENGER TERMINAL AND OCEAN 
Pier, CANADIAN PactiFic Ry., VANCOUVER 


shown in Fig. 1. It will be noted that the passenger sta- 
tion is located at the foot of Granville St., one of the 
principal thoroughfares in the city, and that this street 
has been extended over the passenger and freight tracks 
to a new steamship pier. Two city blocks to the west, at 
Burrard St. (not,shown in Fig. 1) another viaduct 
has been constructed over the tracks to afford access to the 
transpacific steamship pier built in 1908 and which has 
been extended out to the harbor line. This extension was 
made to provide for the larger steamships which were 
put into service within the last two years. 

The site of the old passenger station was directly at 
the foot of Granville St. and the only means of access to 
the steamship piers before the improvements were made 
was by way of a grade crossing to the west of the old 


*From information furnished by Westinghouse Church 
Kerr & Co., 37 Wall St., New York City. 


station. This grade crossing naturally was a 
danger and delay and in the new plan the freight 
rearranged with connections to reach the presen: 
ship piers as well as those which might be const; 
some time in the future when business required. 

The passenger layout provides four throug! 
raised about 5 ft. above the old grade in order to 
somewhat the vertical distance between the stro 
and tracks which existed under the old arrangemey: 
vision has been made for an extension of the tr» 
out by leaving room for additional tracks to thy 
over the site occupied by freight tracks, the static; 
ing facilities being adequate to serve several tir 
number of passenger tracks which are built und 
present plan. 


RAILWAY PASSENGER STATION 


Granville St. and Cordova St. were abovt 35 ft. 
the old level of the tracks. Under the new scheny 
is a difference of about 30 ft., this 
dition necessitating the use of a 
level station with the principal » 
rooms on the street floor and rai 
facilities for baggage, express, et 
the track level below. The plan 
lends itself to providing a convenient 
means of access to the train platform. 
and shelters by a bridge over the tra: 
also independent exits are provided 
that passengers may go directly to th 
street without passing through the sia 
tion. Electrically operated baggax: 
lifts are provided by which baggage 
may be raised from the platform |e. 
to Granville St. extension and then 
carried to the steamship pier. 

On the ground or street level of th 
station are found the general waiting 
room, ticket offices, lunch room, wom 
en’s waiting room, smoking room at! 
baggage checking room all conven 
iently located with relation to each other 
and with generous allowance of space 
for lobbies and corridors. The genera! 
waiting hall is 143x56 ft., not includ 
ing the east and west lobbies each of 
which measures 46x28 ft. The women’s 
waiting room is 46x36 ft. and tlie 
smoking room 46x36 ft. On this floor is also located 
the lunch room with its service pantry. The kitchen 
and refrigerating rooms are placed on a mezzanine 
floor below the street level.. On the track floor are the 
baggage, mail and express rooms, also rooms for Canadiar 
and U. 8. Customs, warerooms for the news and dining 
car departments and the power plant where steam is get- 
erated for car heating and other service facilities. Be 
tween the station building and Cordova St. at the lowe: 
level is a large paved area used for baggage, mail and ex 
press trucks, to which access from the street is had by 
ramp descending on easy grades to the west of the station 
building from Cordova St. 

The passenger station is a steel-frame structure, with 
pressed brick face and Indiana limestone trim (Fig. 2). 
Above the ground floor are three floors devoted to offices 
for the use of the railway company. A large interior court 
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natural lighting for the general waiting room and 
the office rooms which are in the interior of the 





track arrangement provides two tracks for in- 
| ‘rains and two tracks for outbound trains, with sep- 
jatforms. There is a platform adjoining the sta- 


al 7 ee 
tiv ed for baggage, mail and express only. While 
V yiver is the end of the line, the station is arranged 





Fic. 2. Corpova St. Front or New CANADIAN PACIFIC 
TERMINAL AT VANCOUVER 


as a through station in order to get the best use of the 
tracks and avoid blocking the approaches when trains 
are backed out preparatory to shifting to the storage yards. 
Incoming trains proceed westerly and back out over the 
thoroughfare in the freight yard, leaving the station 
tracks clear of all shifting movements. 


STEAMSHIP PIER 


The extension of Granville St. by viaduct over the 
tracks affords access to the upper level of the new steam- 
ship pier. This viaduct is 80 ft. in width and is enlarged 
in front of the pier station to provide ample space for 
public and private vehicles. Baggage and freight are re- 
ceived at the pier on the lower level to which access is 
had by ramps leading from Granville St. and Burrard St. 
Viaducts. 

The substructure of the pier is built largely of creo- 
soted timber and has connected with it a number of un- 
usual features. Teredo are very active in the waters of the 
Burrard inlet and untreated timber cannot safely be 
used for more than two years where called upon to bear 
heavy loads. The depth of water at high tide at the outer 
end of the pier prior to construction was over 60 ft., with 
a rather soft material in the bottom necessitating very 
long piles. About 3000 piles were driven in the sub- 
structure, ranging in length from 85 to 110 ft. The har- 
bor was filled in at the site of the pier as high as practic- 
able without interfering with the draft of vessels which 
would use the pier, and the piling was then driven through 
the filling. The substructure is well braced below the 
low-water line and the filling referred to adds additional 
stiffness to the structure. Fenders of large logs chained 
together afford ample protection to the pier and dis- 
tribute evenly throughout the structure any shock which 
may occur from vessels striking the pier. 

A railway track depressed so as to bring the floor of the 
cars about even with the pier floor is carried through the 
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center of the pier. The decking of the pier is made of 
Australian hardwood, which has been found to give the 
best wearing results with the class of traflic and atmos 
pheric conditions existing in Vancouver. The super 
structure is slow-burning timber construction, covered 
with wood sheathing. The waiting hall is 83x96 ft.. sep- 
arate rooms being provided for ladies’ rest room, smok- 
ing rooms, and the immigration and customs departments 
for both Canada and the United States. There is a 
promenade, overlooking the harbor, and leading from the 
waiting room on the outer end of the pier, over the one 
story freight structure. As one enters from the viaduct, 
the ticket office, parcel room and baggage checking room 
are conveniently reached on a concourse leading to the 
main waiting room. 

Access to the boats from the upper level is afforded by 
means of ramps leading from the concourse on an easy 
grade to the landing on which the gang planks are placed. 
This landing is adjustable for different stages of the tide, 
which has a range of about 16 ft. Passengers coming 
from the boats go through the customs examining rooms, 
or, where such examination is not necessary, may be di 
verted directly into the concourse. On the lower level, 
which is used for baggage, express and freight, there are 
provided Barlow lifts on each side of the pier to match 
the vessel ports. These are adjustable elevators which 
may be used as sloping gangways or raised and lowered 
similarly to an elevator; they are 10x18 ft. in area, hold 
ing several trucks at one time. 


PERSON NEL 


The general designs and layout of the entire work 
were prepared and the construction of the terminal build 
ings and equipment was performed by Westinghouse 





Fig. 3. Srreer ELEVATION or CANADIAN PACIFIC 
STEAMSHIP PIER, VANCOUVER 


Church Kerr & Co., Montreal and New York, under 
the general direction of the Engineering Department of 
the Canadian Pacific Ry., J. G. Sullivan, Chief Engi- 
neer. Messrs. Barott, Blackader & Webster of Montreal 
were architects for the passenger station building. Work 
was begun early in 1912 and the station and pier were 
opened to the public in July, 1914. 
% 


Topographic Surveys completed by the United States Geo- 
logical Survey in the year ending June 30, 1914, covered 23,- 
098 sq.mi. The total area topographically surveyed in the 
United States to that date was 1,197,782 sq.mi., or 39.6% of 
the entire country. 
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The Possibilities of Hydro- 
Electric Power im the 
Pacific Northwest 


By Gero. Il. Moorr* 


The oft-debated questions of the economy of steam and 
water power find an answer in the Pacific Northwest 
states that must interest engineers in other parts of the 
country ; the immense preponderance of water-power drive 
throughout the Pacific states and the possibilities of hy- 
draulic development there admit of but one conclusion— 
the local superiority of water over steam. 

In spite of the recent statement of J. A. Britton, Gen- 
eral Manager of the Pacific Gas & Electric Co., that 
“steam will become a cheaper prime mover for the genera- 
tion of electrical energy than the falling water of streams,” 
yet central-station managers in the heart of the California 
oil fields still authorize hydro-electric developments which 


{ITEM [HYDRAULIC PLANT| STEAM PLANT 
_|GCapacity | - 10500 Kw. | 00.500 Kw. a 
CostperKw. | $1483 | $75.00 | 
[Fixe Chargel(a) 94% | 9.0% ‘| 


| |0iL000375 per Heche | 
Operertion |.) 000124 per r Bia oe 
Charge |(9) Kw-hr 34.2 [Ste r Kw hr 

‘ - _—{ Ineid.000 | 

MFG. Cost [000788 per _| 

| (a)*(b) | Kw.-hnr @ 34.2 | 


poaoees ° 


' | | 
A. WH. COST SAME FOR 
HYDRO-ELECTRIC OF STEAM 
AT STATION-FACTOR OF * 
APPROXIMATE /6 Y% 
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CoMPARATIVE Costs oF ENERGY FROM STEAM AND 
Hypro-ELectric Power STATIONS 
NEAR PuGetT SouND 


bring pioneer problems in construction, generation and 
transmission. Whatever relation may exist elsewhere 
about the United States, there is little room for doubt as 
to the economic standing of the two prime movers on the 
Pacific Coast. 

A glance at the accompanying chart, worked out for 
Puget Sound conditions some years ago, may be of in- 
terest. This discloses the vital importance of average 
use of installed capacity. Thus, if a further statement 
of Mr. Britton, that “the load factor has grown from 12% 
in the distant past to a figure of 70% at the present,” 
refers to this station rating factor instead of an average- 
to-maximum output ratio, the conclusion is self-evident. 


*City Hydrographer, Seattle, Wash. 
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This is attested by Mr. Britton’s continuation, ; 
trochemical processes will perhaps change thy 
so that hydro-electric energy will continue 
steam energy in cost of production.” Since 1 
station-rating factor in the largest electrocl) 

dustries is now about 70% and since this facto 

of the generating stations of the Coast is as hic 

to 40% probably, the curve shown throws co 

light on the ceaseless interest in water-powe! 

ment even where oil is cheapest, rainfall least 2) 
evaporation highest for the Western Slope. 

If this condition prevails where evaporation 
cipitation are so nearly matched as to cause eny 
rescue run-off by the ingenious expedient of su! 
storage, then the superiority of water power cert 
assured in the section further north and especial! 
regions tributary to Puget Sound. Right here, 1 
cipitation is a maximum for the United States, tl: 
rises to a high percentage of rainfall, and evapora 
negligible—even for reservoirs of considerable ares 

In connection with such a statement, one show 
View such cases as the pseudo-paradox at Snoqua 
Falls. There, a mean annual rainfall of 59 in. is ols: 
but the run-off corresponds to an average depth of sic; 
than 80 in. over the whole 440 sq.mi. of catchment area 
The Skagit River, a huge factor in the future hydy 
clectric developments of the Northwest, has 1100 sq.mi 
tributary watershed and discharges the yearly equival: 
of over 614 ft. of water over the whole basin. 

These two examples are not isolated ones. The discharg: 
of streams rising in the Olympics is only just beginning 
to be studied and new high figures will be set. In 1! 
reports of the U. S. Bureau of Soils, one station (Quin 
ault) the yearly average rainfall is upward of 140 in 
with a maximum of 157. 

There is thus no reason for surprise in the fact that 
of the odd 90,000-kw. capacity in plants supplying Neat 
tle and its contingent territory, less than one quarter i- 
in steam plants. Even this employment of steam 1. 
promoted by the lack of long-distance transmission line: 
in the coast portions of the Northwest and reliance on 
steam auxiliaries as emergency reserves in spite of a 
operating cost per energy unit double that of the con 
nected water-power stations. 

The power developments thus far made in the North 
west are only sturdy pioneers of an army to follow. One 
proposed development on the Skagit River will exceed 
everything so far constructed; a three-year study of this 
stream shows a mean annual flow of 5300 cu.ft. per sec.. 
which, with the available head of 600 ft., would produce a 
continuous output of 200,000 kw. This would permit, 
with a station-rating factor of 50% and proper dail) 
storage, an installed capacity of 400,000 kw. This pro 
ject is within 100 miles transmission distance of Seattle. 

Only three plants are taking toll of the potential energy) 
in the snows on Mt. Rainier. Two belong to the Pug: 
Sound consolidation ; one has 14,000-kw. capacity in mo 
chines installed at Electron, while the other at Lak 
Tapps has an initial development of 20,000 kw., thous’ 
60,000 kw. is projected. The third plant is the 20,000- 
kw. Tacoma municipal station on the Nisqually at 1 
Grande. 

The sheer drop of 270 ft. at Snoqualmie Falls was qu: 
naturally one of the first to be utilized ; the initial develo 
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a 11,000-kw. station in the rock-hewn cavity 
| this has been supplemented by a 9000-kw. plant 
ut taking water from the same source. The 11,- 
installation of the Seattle municipal system at 
ake completes the roll of hydraulic plants sup- 
the bulk of power in the Puget Sound country. 
‘ re all infant industries growing fast. That is true 
the network of the Washington Water Power Co., 
« from Spokane; it applies to the developments of 
tland Ry., Light & Power Co., in and about Port- 
nd to the various installations British Colum- 
articularly those supplying Victoria and Van- 
All have the three essentials for ultimate suc- 
ie head, the water and the market. 
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Water-Works Improvements at 
San Diego, Calif. 


Improvements to the San Diego water-supply now i 
progress include a small diversion dam, an open conduit 
of conerete seven miles long on which there are several 
drops and a metal flume, and also a small settling reser- 
voir at the end of the conduit. Besides these improve- 
ments in the old gravity source of supply there was put in 
operation on Dec. 31, 1914, a new well and pumping sys- 
tem to supply a part of the city. Some of the more inter- 
esting features of both pieces of work will be described. 


THe New Conpvir AND ACCESSORIES 


Diversion Dam—At the junction of Hauser Creek 
with the Cottonwood River, about 14% mi. below the 
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Fig. 1. STANDARD Drop on OpEN CoNCRETE WATER 
ConpbuitT, SAN Dieco, Cauir. 


Morena Dam of the San Diego water-works, a dam 8 ft. 
high and %5 ft. long has been built to divert water into 
the new conduit.* The water from the dam flows directly 
into the conduit over a weir 8 ft. long and 3 ft. deep, de- 
signed to pass 70 cu.ft. per sec., the conduit capacity. 
Conpurt—The conduit is 4 ft. 10 in. wide on top, 3 ft. 
2 in. wide on the bottom and 2 ft. 11 in. deep. It is lined 





*The Morena Dam was described in “Engineering News,” 
June 12, 1913. Other articles on the five dams and on other 
features of the San Diego water-supply may be found in 
“Engineering News,” April 7, 1904, Nov. 26, 1908, and Dee. 30, 
1909 
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on the sides and bottom with 4 in. of conerete. The velo- 
city in some places is 10 ft. per sec. One of the drops 
is shown by Fig. 1. The conduit is built in sections 16 
long, separated by tarred paper. Each joint is supported 
by a rib 8 in. long and 4 in. deep, separated from the 
duit by a thick coating of asphaltum. 

STEEL FLUME—Details of a semicircular steel flume on 
a wooden trestle are shown by Fig. 2. 

SETTLING BAstn—At the lower end of the conduit is 
a settling basin or sand catcher 70 ft. wide, 100 ft. long 
nd 7 ft. deep, with a baffle wall 3 ft. high running its 
entire length to intercept the sand. 


\ driveway gives a 
cess to the basin for removing sand. 


Mission VALLEY Driven-WeLt anp PumpIna System 


On Dee. 31, 1914, a new well svstem was put in use. A 
pump in each well delivers water to a conduit leading to 


Carrier Beam 3 x4 
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Fig. 2. Derains of SEMICIRCULAR STEEL FLUME, Sax 
Dirco Watrer-Works 

(The trestle shown is typical for 12-ft. heights and 

greater. All joints were bolted with %-in. machined bolts, 
with a %4-in. wrought-iron washer on each end) 
a 5,000,000-gal. high-lift pumping station, which forces 
water through another conduit to a reservoir. The wells 
are sunk in the sands of the San Diego River and the 
water is delivered to the University Heights Reservoir, 
335 ft. above the river and 585 ft. above sea level. 

Driven We_ts—There are 13 wells, 12 in. in diameter. 
with an average depth of 65 ft. The lower part of each 
casing is perforated with 3¢x8-in. slots. In each well is 
a two-stage pump with a 10-hp. belted motor, except for 
one direct-connected unit. 

COLLECTING System—The pumps discharge into con- 
crete standpipes, 3 ft. in diameter, from which a 10-in. 
steel pipe leads to a sand catcher in the main collector. 
This collector is from 12 to 24 in. diameter and dis 
charges over a measuring weir into two concrete sumps, 
with a combined capacity of 165,000 gal. 

Hicu-Lirr Pumps—Two four-stage, direct-connected 
Platt Iron Works turbine pumps, each driven by a 250- 
hp. motor, lift the water from the sumps and force it 
through 7900 ft. of 16-in. cast-iron pipe to the reservoir, 
which is 335 ft. above the river bed. The pumps have a 
rated capacity of 2,750,000 
capacity of 5,000,000 gal. 

Herbert R. Fay is Superintendent of the Departme: nt 
of Water, Pueblo Lands and F orestry at S 


gal. each and a combined 


san Diego. 
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A Plan for Municipal Irrigation frc 
the Los Angeles Aqueduct 


By Burr A. 


SYNOPSIS—The surplus waters of the Los An- 
geles Aqueduct will be distributed by a number 
of main conduits and a vast network of smaller 
pipe to irrigate 87,090 acres of land. To secure 
the water, the territory has to be annezed to Los 
Angeles. As the irrigated area is built up with 
houses the irrigation system will change into a city 
water-works system. There will be 317 mi. of 
riveted steel mains from 54 to 8 in. in diameter, 
under a head of from 40 to 300 ft., besides the 
main conduit. Storage reservoirs also form a part 
of the system. The estimated cost of the whole 
project is $4,472,674, or $50.90 per acre. Of th is 
$17.42 will be borne by the city and $33.58 by the 
owners of the land to be irrigated. 


A plan for the use of the surplus waters of the Los 
Angeles Aqueduct has at last been prepared, by far 
the larger of the proposed irrigation districts has been 
formed and on Nov. 10, 1914, the district voted $2,606,- 
000 of bouts to carry out the project. By this action 
the utilization of something over one-half the flow of the 
Aqueduct seems assured. The proposed construction is 
second only in magnitude to the building of the Aqueduct. 
The irrigation system, comprising a total of 87,090 acres, 
compares favorably in size with a number of similar proj- 
ects of the United States Government. So far as the 
writer knows, this is the first irrigation enterprise to be 
undertaken by a municipality and the only irrigation sys- 
tem of any size where the water is supplied under pres- 
sure. 


GEOGRAPHICAL PostrioNn 


The two irrigation districts stretch nearly thirty miles 
north and northwest from the present city limits of Los 
Angeles to include the major part of the arable land 
of the San Fernando Valley. This is exclusive of the 
three or four incorporated towns of the valley, to which 
Los Angeles is prepared to furnish a water-supply. 

The land to be irrigated ranges from sandy loam to clay 
and much of it is adapted to the growth of southern 
California’s most valuable product, citrus fruits. The 
87,090 acres comprise two political divisions, the Mission 
District of 11,010 acres, and the San Fernando Irrigation 
District No. 3 of 76,080 acres. Geographically and for pur- 
poses of service, the area includes eight districts, ranging 
from 4800 acres to 13,000 acres in extent. 


FINANCIAL Derats 
By the terms of agreement with the land owners, Los 
Angeles has agreed to defray the major cost of the 


*645 South Olive St., Los Angeles, Calif. 

+To make this possible the Legislature passed the Shenk 
Act, which permits the localities included to form themselves 
into districts and vote bonds. These districts are authorized 
to incorporate themselves into the municipality of Los An- 
geles, which then becomes the builder, owner and operator 
of the works. To carry out the plan Los Angeles will have to 
annex a territory considerably larger than its present area. 
Previous articles on the utilization of the surplus waters of 
the Los Angeles Aqueduct have appeared in “Engineering 
News” of Dec. 29, 1910, and March 3, 1913. 


HrInty* 


Glendale Trunk Line, the Chatsworth Conduit 
Chatsworth Reservoir. (See map.) The city’s ¢. 
expenditure is $1,496,959. The land owners {. 
part have agreed to pay a proportional cost of | 
Trunk Line now built and in operation, and of ; 
posed Cahuenga and Glendale Trunk lines, a: 
all other mains and laterals. By annexation, t) 
property will automatically come under the contr! 
operation of the municipality. The estimated «.; 
the whole work is $4,472,674. Of this, the esti: 
the Mission District is $369,715 and for the Say (er. 
nando Irrigation District No. 3 $2,606,000.) This {atte 
amount, as above stated, was authorized by the « 
on Nov. 10, by a vote of 739 for and only 12 


lor 


acain 
PLAN OF SUPPLY 
The San Fernando Valley may be likened to an | 


shaped bowl, slightly tipped in the direction of a Ji) 


Map OF THE SAN FERNANDO VALLEY, SHOWING OUTLIN! 
OF THE PLAN FOR MUNICIPAL IRRIGATION FROM 
THE Los ANGELES AQuEDUCT 


which points toward the city of Los Angeles. (See map.) 
The lowest elevation of the proposed irrigation system 1s 
approximately 600 ft. above sea level. From there the 
land rises by gentle slope to the foothills encompassing 
it on the north, south and west. From the outlet of the 
Aqueduct, at El. 1461 ft. above sea level, a trunk line 
of tunnel and steel pipe will irrigate an area of 860 
acres, the highest elevation to be reached being 1100 
ft. This district, on account of its high elevation, wil! 
be operated independently of the remaining area. Also, 
at El. 1150, and leading off from the conduit forming a 
part of the City Trunk Line, one mile above the Lower 
San Fernando Reservoir, a conduit, the Chatsworth, wi!! 
extend southwestward 10.3 mi., watering a large acreave 
beneath it during the irrigation season and in the rain) 
season storing its flow in the Chatsworth Reservoir. Tis 
basin, of 25,000 acre-ft., situated on the western rim 
of the valley, will irrigate the main floor of the valley. 

















bruary 18, 1915 


uth side of the valley at El. 1000 ft., tapering off 
) ft. in the southeast corner of the district, will be 
d from trunk lines leading across the valley from 
». «hatsworth Conduit, the Lower San Fernando Reser- 
ind the City Trunk Line. The east end of the dis- 
: will be partially supplied from the City Trunk Line, 
which Los Angeles procures her Aqueduct supply 
vhich was designed and built with this end in view. 
ie Chatsworth Reservoir as well as the Lower San 
ynando Reservoir will have a twofold purpose to per- 

1). for these reservoirs insure the storage of the water 

the operation of the Aqueduct during the winter 
months at a time when there will be continuous operation 
the Aqueduct at normal flow for the development of 

1, dro-electric energy. 

'rom the main trunk lines, smaller lines will branch off 
«» that the entire district of 87,090 acres will be traversed 
by a network of laterals spaced not farther than one- 
half mile apart, which makes provision that no acreage 
is farther than a maximum of 1320 ft. from a main of at 
least 8 in. diameter. With the exception of a few ‘in- 
stances, all lines will follow public roads, the owners of 
property taking the water from the distribution system 
being called upon to provide their individual property 
irrigation system. 


DESIGN 


The Chatsworth Conduit is designed for a flow of 
7500 miner’s inches, or a little more than one-third the 
rated flow of the Aqueduct, to which it will be very similar 
in design and structure. The classification comprises 
34,445 ft. of covered conduit with grades ranging from 
0.001 to 0.0035; 4240 ft. of steel flumes with a grade of 
0.001, and 20,440 ft. of 52-in. pipe of 14-in. steel, having 
a grade of 0.0095 and emptying into the Chatsworth Res- 
ervoir. 

With one minor exception, the remainder of the system 
is to consist of riveted steel pipe ranging from 54 in. di- 
ameter for the largest trunk lines down to 8 in. diameter 
for the smallest laterals. Both mains and laterals have 
been figured to deliver a continuous flow of one miner’s 
inch to five acres. As the irrigation season comprises 
approximately 240 days, the duty is thus 1 in. to 7% 
acres. This duty was arrived at by a survey of southern 
California for the practice in the irrigation of citrus or- 
chards. At the same time, tests of water consumption 
which were made in the city of Los Angeles for residence 
districts worked out to the same figure so that wherever 
and whenever the district becomes of a suburban type, 
the transition from irrigation to domestic use entails no 
change in the distribution or supply system. 

The mains are designed to supply the quantities stated 
above at an irrigating head of 48 in. at any desired point 
on the system. Assuming a velocity of 2.75 ft. per 
sec. in the 8-in. laterals, the line allotment for a 10-acre 
tract would be 30 hours each month. 

Allotment of water to irrigators on the above basis ex- 
pressed in terms of acre-feet provides for 1.93 acre-ft. 
per year per acre, and with an average annual rainfail 
of 15.7 in. in this region, it will be seen that except 
in seasons of drought the land is assured of an equivalent 
of 39 in. of rainfall per annum. 

The construction will entail the building of 317 mi. of 
mains, requiring 25,719 tons of steel. For the 8-in. 
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laterals, No. 12 gage (*/,,-in.) steel will be used and for 
mains from 12 to 18 in. diameter, No. 10 gage (°/,,-in.) 
metal, while for mains of larger size, the thickness of 
steel has been figured on the basis of a safe working stress 
of 15,000 lb. per sq.in., net section. Riveting, on the 
large mains, will be the same as on the San Fernando 
Siphon of the City Trunk Line, described in EN@tnern- 
ING News of May 22, 1914. There will be a cover of 
3 ft. above the top of the pipe. Water will be supplied 
under a head of from 40 to over 300 ft. 

Excepting where heavy pressures require, the regular 
standard water-works gate in use on the Los Angeles 
system, designed for a working pressure of 200 Ib. per 
sq.in., will be installed. On the 8-in. and 10-in. mains, 
full-size gates will be used, at half-mile intervals. On 
mains from 14 to 20 in. diameter, a gate equal in valve 
area to one-half the area of the pipe will be used, spaced 
one mile apart; on larger mains, gates designed in the 
same proportion but at two-mile intervals will be used. 


Estimates or Cost 


The estimates of cost have been prepared on the basis 
of 5c. per lb. for the steel in place, with fittings esti- 
mated of 244%, and 10% for gates, engineering and con 
tingencies. The plans were prepared before the opening 
of the Panama Canal, and reduction in price on cast-iron 
pipe by all-water shipment has amounted to $3 per ton 
since the canal opened, with the possibility of a still fur 
ther discount as soon as shippers have accustomed them- 
selves to the new conditions. Unless unforeseen circum 
stances arise to greatly advance the base rate of materials, 
the estimate is a ‘fair one. 

ConsTRUCTION 

The estimate of time for completion is placed at. ap- 
proximately two years from the date of opening construc- 
tion, and this depends only on the availability of funds. 
Large quantities of construction equipment, as salvage 
from the construction of the Aqueduct and the City Trunk 
Line, have been assembled at warehouses at the Lower 
San Fernando damsite and 500 men fully equipped could 
be placed in the field within 10 days after the word to be- 
gun work is given. Steel deliveries wou!d be the princi- 
pal item of delay, but with present and prospective condi- 
tions of the market and division of contracts, progress 
would be unlikely to meet with serious delay on this score. 
On mains 54 to 60 in. where nesting is not possible, Pa- 
cific Coast factories are in a position to underbid Eastern 
competitors. 

AcreEaGE Costs AND PAYMENTS 

For the total 87,090 acres, the average cost, under the 
estimates of William Mulholland, Chief Engineer of the 
Los Angeles Department of Public Service, amounts to 
$50.90 per acre. Of this, the part borne by Los Angeles 
in the building of trunk lines and the Chatsworth Reser- 
voir amounts to $17.42 per acre, so that the net cost to the 
land owner of bringing the water to his land, or within 
a maximum of 1342 ft. from each acre, amounts to 
$33.58. 

Under the Shenk Act, however, the cost is not based 
on acreage, but is made proportional to the assessed valu- 
ation of the land. The bonds recently voted by San 

Fernando Irrigation District No. 3 and other bonds sub- 
sequently to be voted will run for 40 years, payments of the 
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sinking fund nov. commencing until 10 years from date of 
issue and then being payable in 30 annual installments. 
(1) Because 
it gives opportunity for the construction of the work and 
the provision for making it pay its own way, and (2) 
(and of equal importance) the payments are made propor- 
tional to the value received. 


This plan was followed for two reasons: 


In the east end of the valley, 
being nearer to Los Angeles and under partial irrigation 
from pumpage, the land has reached a fairly high state 
of cultivation with an equivalently high assessment. It 
is true that this more improved section must pay more 
than its proportional share of interest charges for the 
first decade, but by the end of that period the entire valley 
should be under irrigation, and the northern and western 
portions now thinly populated and under dry farming 
will have reached a condition of prosperity where the bur- 
den of payments of the principal will be much more equit- 
ably adjusted than is now possible. 

IRRIGATION Water Rieuts 


Cost oF AND 


The city has set a rate for irrigation of le. per miner’s 
inch per hour, which, on the basis of 1 in. to 74% acres 
for a period of 240 days, amounts to $11.68 per annum-—a 
cost believed to be cheaper than for pumpage in the 
valley. 

The most troublesome subject before the California 
courts is the question of water rights and in the present 
The 
city has provided as the first requisite for the use of the 
water incorporation within its own limits. No water rights 
per se are given to the land. 
application and the use of the water, 
to all intents stands in the position 
of a Los Angeles property owner whd has paid for a tap 
from the city system and the water cannot be taken from 
the land so long as the rules of the Bureau of Water- 
Works and Supply are complied with. The water right 
is therefore one in fact and it has been accepted as such 
by the prospective water users of the district. 


instance it is disposed of once for all in this way. 


The irrigation user upon 
payment for 


and purposes 


IMMEDIATE MARKET 


Los Angeles during the past summer has stood in the 
unusual position of a city which has long been threatened 
with a water famine but which now has a supply amount- 
ing to a large surplus, vet because of political conditions 
and lack of distribution facilities is unable to dispose 
of it. 

The proscription of a year ago that only territory with- 
in the city limits could use the water cut off an immediate 
market along the City Trunk Line, but effectively guarded 
the city against the plans of corporate interests who were 
prepared to contest the city in the possession of her water 
rights. With annexation accomplished within the next 
few months, the City Trunk Line should be available 
for the irrigation of a strip of several miles on each side 
of it during the summer of 1915. In addition, a tem- 
porary open, unlined ditch, taking its supply from the 
Lower San Fernando Reservoir, ready for storage about 
Jan. 1, will be carried for 7.mi. southwesterly toward 
the Chatsworth Reservoir. Beginning at an elevation of 
950 ft., and with a capacity of 7500 miner’s inches, it is 
anticipated by this means that 10,000 acres can be placed 
under the water during the coming irrigation season. 
Upon completion of the permanent system, this ditch 
will be abandoned. 
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The Snoqualmie Tunn« 
C., M. @ St. P. Ry. 


The Puget Sound extension of the Chicago, \f 
& St. Paul Ry. crosses the summit of the Cas 
about 60 miles east of Seattle, Wash., and thi 
plans called for a summit tunnel. In order tc 
the completion of the line through to the Paci 
however, it was constructed with an open high-| 
through the Snoqualmie Pass, and with this 
was ready for traffic in 1908. The operating 
over this summit were serious, due to the heavy: 
and the open high-level line over the Cascades 
snow conditions are exceptionally severe). Conse: 
surveys for the tunnel were soon started. 

The high-grade or open-pass line extends nort 
northwest from Keechelus, Wash., to the suny 
(4.75 miles) with a grade of 2.2% a1 
southwest on a descending grade of 2.75% to Ro 
(4.4 miles). Its maximum curves 
summit is 3005.7 ft. above sea level. 

The low-grade tunnel line or cutoff runs north 
Keechelus to the east portal, and then due west to 
dale, at the west end of the tunnel, 4.5 miles. Th 
saves 3.75 miles in distance (or about 40% of the dis 
between Keechelus and Rockdale), 444 ft. in 
fall, and 1240° in curvature. It will enable westhou: 
trains to dispense with the present helper service. Hes 
eastbound trains will require only one instead of two 
helper engines, this helper service being necessitated |) 
a 20-mile grade of 1.75% from Cedar Falls to Rock«dal 

The tunnel is 11,886 ft. long, with a summit elevatios 
of 2556 ft. at 2000 ft. from the east portal. From th 
east end it has an ascending grade of 0.1%, followed 
by a descending grade of 04%. The 


1 


Laconia 


are of 8°, a: 


rise 


tunnel is o: 


tangent, but a 6° curve begins just inside the east en 
and a 8° curve inside the west end. 
Work on the tunnel was commenced early in 1912, with 


the idea of extending the construction over several years. 


The severe snow troubles on the open line during the 


winter of 1912-13 made it evident that the low-grade 
tunnel line would have to be completed as soon as possible, 
and steps were taken to push the work vigorously. 

The headings met on Aug. 4, 1914, but a slide about 
1800 ft. from the east portal made it necessary to hol 
through from the west heading, and as the east and wes! 
ends had top and bottom headings respectively, the linc 
could not be checked until Aug. 18. The final checking 
showed that the west line came 0.15 ft. north of the east 
line; the elevations checked to 0.13 ft., and the actual 
tunnel distance was 6 ft. longer than that calculated 
from the survey lines which had been run across tli 
summit. The meeting of line and grade was considere:! 
very satisfactory. The 6-ft. variation in distance seem 
considerable, but it is explained that no special effort at 
great refinement was made in the surface measurement, 
as each time this was made in 12 to 15 ft. of snow. 

The excavation was mainly in hard. black shale rock, 
with some conglomerate, etc., the strata being incline: 
but slightly from the vertical, as shown by the geologica! 
section, Fig. 1. A considerable amount of water was 
struck in the conglomerate, due largely to small lake- 
(formed by the melting snow) on the east slope. Ther 
was water also in the loose material encountered near tl 
west portal. 
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tunnel was built by the railway company In ac- 
ve with its practice of doing -practically all con- 
on work with its own forces. J. I. Horrocks was 
er and Superintendent under EK. O. Reeder, As- 
Chief Engineer. All the work was under the 
tion of C. F. Loweth, Chief Engineer of the Chicago, 
ukee & St, Paul Ry. The tunnel was completed 
eady for traffic in January, 1915. 
Design or TUNNEL 


standard cross-section of the tunnel is 24 ft. high 
16 ft. wide, with a flat floor and a semi-circular root 
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chambers for the conduits, as shown. The refuge chamber 
is about 2 ft. deep and 6 ft. wide, with a total height of 
9 ft. 6 in., but at the top is placed the conduit box, so that 
the clear height is 6 ft. 6 in. 

On account of the amount of water met with at various 
points, which must be provided for in the completed 
tunnel, concrete gutters have been constructed as shown 
in Fig. 2. The gutters are 12 in. wide and 10 in. deep, 
and at the refuge chambers they are covered with planks 
One side is formed by the footing of the tunnel wall. The 
other side is a curb wall to retain the ballast. 
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Fie. 1.) Typrean GroLoGicaAL Section ALONG 


arch, as shown in Fig. 2. The sides have a batter of 4 
in. in 6 ft. above the top of the footing course. The 
E tunnel is lined throughout with 12-in. of concrete, this 
being made necessary by the stratified condition of the 
rock (Fig. 1). 
Embedded in the lining on one side are two 3-in. fiber 
conduits for telegraph wires and electric cables. On the 
same side of the tunnel are refuge chambers about 300 
ft. apart, which serve also as inspection or splicing 





THE SNOQUALMIE TUNNEL; C., M. & Sr. P. Ry. 


To allow the water to flow from the tunnel into the 
gutters, 6x6-in. concrete baffles are placed diagonally 
across the tunnel floor at intervals varying from 150 
to 300 ft. At each baffle the water passes through a 
grating in the curb wall and enters a 4-in. pipe which 
discharges into the gutter some distance further along. 
The object of this is to avoid having the gutter opel 
directly to the tunnel floor. The baffles discharge the 
water on alternate sides, as shown. 


Plan of Tunnel 





Section A-B Part Plan 


Fig, 2. Typican Cross-SeEcTiON OF SNOQUALMIE TUNNEL, WITH DeTaAILs or ReruGe CHAMBERS AND 
CONCRETE GUTTERS 
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Metruops oF Driving THE TUNNEL 


The construction of the Snoqualmie tunnel is of special 
interest on account of the use of the bottom-heading 
system (common in European practice) for the greater 
part of the work. This was adopted as giving greater 
speed and economy for the conditions under which this 
long tunnel had to be driven. 

At the east end of the tunnel, however, there is a long 
and deep approach cut, and as this could not be complet- 
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these drilled from 16 to 30 holes 9 ft. deep, di 
upon the rock encountered. Usually there were 
above the bar and four below, the latter acting , 
in blasting. Steel plates laid on the floor facilit 
shoveling of the muck into the cars. 

For ventilation, a 24-in. exhaust pipe was ca 
the end of the completed bench and a 10-in. bloy 
was extended to the heading, this pipe within 11 
the heading face being of canvas. As the distanc 
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Line of Con 
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Ternporary Timbering at East End 


Fic. 3. TIMBERING OF THE SNOQUALMIE TUNNEL; C., M. & St. P. Ry. 


ed until after the actual driving of the tunnel was in 
progress, it was decided to drive a top center heading at 
this end. This heading was widened to full arch section, 
and, to avoid placing temporary timbering, about 3000 
ft. of the arch was concreted in advance of the removal 
of the bench. 

The greater part of the tunnel was driven from the 
west end, using the bottom-heading system. A bottom 
drift 8 ft. high and 13 ft. wide was driven first along 
one side of the tunnel, and was then widened out on 
its other side to the full normal width of 18 ft. This 
full heading was timbered. The sets were spaced 5 ft. ¢. 
to c., and consisted of posts 12x12 in. with caps 12x14 
in., upon which stringers and flooring were placed. The 
timbers were so arranged that the bench rock could be 
dropped directly to the 14-yd. side-dump cars on the 
mucking tracks below. 

At intervals of 150 ft., openings were driven upward 
to full tunnel section, and from these the bench was 
worked in both directions. The entire face was shot at 
one time. This gave both muckers and drillers continuous 
work in each bench stope and permitted the working of 
any number of stopes, depending on labor conditions. 

A double-track narrow-gage line was laid as far as this 
bench work, a single track extending beyond to the face 
of the bottom heading. Horses operated the cars on this 
track, while at the bench the cars were made up into 
trains to be handled by gasoline locomotives. As the 
114-vd. cars were too high for hand shoveling, 1-yd. 
steel rocker dump cars were used for work at the face. 

Four drills were used in the heading and were mounted 
upon a cross bar instead of upon tripods. For each round 


the portal increased, booster fans were installed at the 
blower line. 

Each heading shift was composed of a foreman, 4 drill 
runners, + helpers, 10 muckers or shovelers, and a nip- 
per. They worked 6-hr. shifts, with 12-hr. rest between 
shifts, except that the foreman and nipper worked 12 hv. 
These shifts were paid on a bonus system. The basis of 
this was 100-ft. advance for a 10-day period, and for eacn 
additional foot of advance each man on the shifts received 
one hour’s extra pay. The average progress was 9.5 {t. 
of heading per day, with a maximum of 25 ft. 

For work at the east end, under the top heading system, 
a center drift 9x6 ft. was driven first, with its floor at 
the springing line, and this was winged out to the full 
arch section. Shafts at intervals of 1000 ft. were sunk 
to the floor level, and stoping drifts were run from these 
at one side of the tunnel, from which the bench was 
taken out to the full section. 


CONCRETING 


The permanent concrete lining was put in while the 
tunnel was under construction, its purpose being largely 
to prevent fall of the roof. Where the excavation was 
in loose material at the west end, and was far in advance 
of the concreting, an A-frame timbering was put in to 
support the roof temporarily. This is shown at the left 
in Fig. 3. I% was removed in advance of the arch con- 
erete work, cross timbers cing placed at the springing 
line to carry the track for the concrete cars. At the east 
end, some temporary timbering was required, as shown 
at the right in Fig. 3. 

The concrete walls were built in lengths of 50 to 100 
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'E 1. FORMS OF DAILY PROGRESS REPORTS ON THE EXCAVATION OF THE SNOQUALMIE TUNNEL; C., M. & ST. P. RY 


Daily Progress Report on Tunnel 
West End (Bottom Heading System) 


Bottom Heading 
Lin. Ft. Driven 


Per Total Station Per 
Day 6816 74 +74 Day Total Station 
6 6822 74 + 80 
» 10 6832 74 + 90 
2 6 6838 74 + 96 


Top Bench 
Lin. Ft. Driven 


Per Station Per 

Day Total 63 + 54 Da Total Station 
0 5696 63 + 34 
0 5696 63 + 54 
8 5704 63 + 62 


Daily Progress Report on Tunnel 
East End (Top-Heading System) 


Top Heading, Top Heading, 


Center Drift inlarged 
Lin.Ft. Driven Lin.Ft. Driven 
Per Total Station Per 
Day 3853 86 + 89 Day Total Statio 
1 16 3869 86 + 73 
) 18 3887 86 + 55 
2 16 3903 86 + 39 


Bench Remarks 
Lin. Ft. Driven Cars of Tunnel Muck 
Per Total Station 
Day 1472 110 + 70 Bench Heading 
4 1476 110 + 56 79 97 
1 1480 110 + 62 95 126 
4 1484 110 + SS 118 103 


TABLE Il. FORM FOR DAILY REPORT OF CONCRETING IN THE SNOQUALMIE TUNNEL: C., M. & ST. P. RY 
Daily Concrete Report, June, 1914 
West End 


Right Footing Left Footing Right Sidewall 


Total Total Total 

Lin. Lin Lin Lin Lin Lin 

Dat Sta Ft. Ft Sta Ft Ft Sta Ft Ft 
53 + 53 4689 53 + 81 4691 514+ 83 4493 
1 4 + 33 80 4769 54 +78 97 4788 51 + 99 16 4509 
9 55 + 00 67 4836 55 + 13 35 4823 52 + 47 48 4557 


ft.. and the roof arch in 12-ft. lengths. A concrete mixing 
plant was installed near each portal, and the concrete was 
transported in Y-yd. steel dump cars on narrow-gage 
trac ks, These tracks were carried by cross timbers placed 
at the springing line and supported on posts until the 
side walls were concreted, as shown in Fig. 4. This 
arrangement enabled-the concrete cars to be operated in- 
dependently of the mucking cars, and it also enabled the 
concrete to be dumped directly into the forms for the side- 
walls. That for the arch was shoveled into place. The 
cross timbers extended to the rock face and were left 
embedded in the concrete of the side walls, being sawed 
off level with the face of the walls after the completion of 
the work. 

At the west end, the concrete cars were operated on 
an endless cable haulage system as shown in Fig. 4. At 
the east end (Fig. 3) they were operated by electric 
locomotives. 


ProGress Recorps AND REPORTS 


The greatest advance per month was 455 ft. in the 
west heading (March, 1913) and 433 ft. in the east 
heading (September, 1913). The maximum total ad- 
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Fic. 4. Timpertne to Carry Narrow-GaGe Tracks 
FOR CONCRETING THE TUNNEL (ENDLEsS-CABLE 
HAULAGE SYSTEM) 


Left Sidewall Arct Actual 
Total Total Total Time of 
Lin Lin Lin Lin Cu Cu Plant in 
Sta Ft Ft Sta Ft Ft Yds Yds Operation 
51 + 93 4503 51 + 50 1437 23,7470 
29.5 23,776.5 ll 
79.5 23,8560 11 


vance for both headings was 785 ft. (May, 1914). The 
average daily heading advance was about 9.5 ft.. with a 
maximum of 25 ft. for the west (bottom) heading and 
24 ft. for the top center drift of the east heading. The 
progress diagram, Fig. 5, shows what a steadily uniform 
progress was made, the light straight lines indicating the 
average estimated progress. The heading work kept pret- 
ty closely to these lines. The bench work at the west 
end was slow, due to small force under labor conditions. 
On Dec. 31, 1914, the excavation of both benches had been 
completed, and the concrete lining was completed early 
in January, 1915. 

The two forms of daily progress report of tunnel ex- 
cavation are shown in Table I. The sheets are 81% in. 
wide and 11 in. high. The report for the west end shows 
the bottom heeding and top bench. That for the east 
end shows the center drift of the top-heading, the enlarged 
top heading and the bench; it has also a column for re- 
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Fic. 5. ProGress DIAGRAM OF WoRK ON THE 
SNOQUALMIE TUNNEL; C., M. & Sr. P. Ry. 


marks, which in the example given is used to record the 
number of muck cars. The form for daily progress of 
concreting is shown in Table 11, and is the same for work 
at both ends. This gives the progress on the different 
parts of the work, with the total advance, yardage and 
hours per day. 
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Field Concrete Better Than 
Test-Sample Concrete 


By R. E. Goopwin* 


The results of tests of concrete made by pouring wet 
concrete into molds to form test specimens are now more 
or less generally known to engineers. These results are con- 
sistently lower than the figures used as a basis for safe 
stresses assumed in designing concrete structures and this 
fact is a source of concern to conservative designers. 
Field tests of 1: 2:4 concrete cast in molds will not aver- 
age over 1500 lb. per sq.in. after 28 days, as is shown by 
the results of a large number of tests made on subway con- 
struction work in New York City, and elsewhere. 

As an offset to the startling nature of the above evi- 
dence, engineers frequently assert a belief that concrete 
possesses greater strength when it is placed in mass than 
when it is cast in molds of the size ordinarily used. 

In order to obtain information on this subject the Pub- 
lic Service Commission, New York City, recently had sev- 
eral pieces of concrete cut from existing subway structures 
and tested. The portion of the structure from which the 
testpieces were to be cut was selected before the concrete 
had been placed in the forms, and while it was being 
poured samples from the same batch were cast in molds. 
In this way very interesting comparisons were possible 
between concrete cut from the structure and the same 
concrete cast in molds. In addition, samples of cement 
and aggregates were brought to the laboratory and were 
used for making laboratory specimens mixed in the same 
proportions as the field specimens. Some specimens were 
stored on the work in moist sand; others were stored in 
the laboratory moist-room and sprinkled daily. 

At the end of two months pieces of concrete were cut 
from the structure at the place designated. These pieces 
were rough dressed and then polished smooth to exact 
dimensions on the rubbing table of a stone-cutting yard. 
They were tested at the age of 90 days. The results are 
shown in Table I. Each test was made on a different part 
of the work and the number of specimens averaged to ob- 
tain each result is indicated. Table II shows results of 
tests of a few miscellaneous pieces of concrete of various 


ee 


*In charge of tests of concrete and concrete aggregate, 
Publie Service Commission, 154 Nassau St., New York City. 


HNUEAOOUOUOUUNAUUAaNNNAAAAAAUANAACnONNEN) 
TABLE Il. TESTS OF CONCRETE OF VARIOUS AGES CU, 
ACTUAL STRUCTURES 
Lb. per _Propor- Fine Coarse 
Sq.In. tions Age Description Aggregate Aggregat« 
1 = 4250 1:2:4 127 days 6-in. cube Sand Gravel 
8ix8}x17 in.) Long Is- Long Island 
1 = 1870 1:2:4 15 mo. rough dress- | land washed ban! 
ed, not washed = gravel 
polished bank sand 
3 av. 3340 1:2):44 30 mo. 6x6xl2in. Cow Bay 
sand Gravel 
ages which were also cut from the structure. A|| 
mens made on the work were machine-mixed. 
made in the laboratory were hand-mixed. 
The average weights per cubic foot of the specimess 
the tests in Table I were as follows: 


Concrete made in laboratory from same materials. . 

The head of concrete above the specimens cut from 
actual structures, while they were setting, varied from 
to 15 ft., and the superiority of these specimens over tlo-« 
cast in molds may have been partially due to this circum 
stance. The specimens which were subjected to the great 
est heads were not the strongest, however. 


® 


Extension Drills in Tunneling 


Drilling down 18 ft. in the bench in a tunnel heading 
with only 10 ft. headroom on the average has been accom- 
plished at the new Kennerdell (Penn.) tunnel of the 
Pennsylvania R.R., by means of a drill-steel extension. 
The device is most simple, consisting merely of sections 
of steel with screw joints, as illustrated by the sketch 


Lower Dri/l-stee/ with Extensiorn welded 


nie die od 
fea \& _ a 
A 
McGuckIn’s EXTENSION DrILL-STEEL, Usep IN 
KENNERDELL TUNNEL 


The rock is a shaly sandstone in horizontal layers. It ts 
easy to drill through and requires little timbering. 
Until three months ago the two-bench method was em- 
ployed at Kennerdell. WUoles were put down 6 ft. and 
shot, and then the drills were again set up and the final 


TABLE I. COMPARATIVE COMPRESSION TESTS OF CONCRETE CUT FROM ACTUAL STRUCTURES AND CONCRETE CAST IN MOLDS 
(Size of specimens 6x6x12 in. 1:2:4 Concrete, 90 days old. All strengths in lb. per sq.in.) 


Same Batch Same Batch 
Cut From Molds and Molds and 


Work Moist-Room Consistency Work 


4 av. 3095 4 av. 2880 4 av. 2870 Wet 4 av. 2135 
4 av. 2410 ; 4 av. 17% Very wet 4 av. 2225 
4 av. 2415 2 av. 2585 3 av. 206 Wet 4 av. 1980 


4 av. 2760 4 av. 2020 4 av. i Very wet 4 av. 1900 


t Same Materials Same Materials 
Poured in Poured in Mixed in i 


Mixed in 


Laboratory and Laboratory and Fine Coarse 
12-In. Wall Stored on the Stored in Stored on the 


Stored in Aggregate Aggregate 
Moist-Room Consistency 
4 av. 2080 Wet Long Island beach Long Island beach 
sand * gravel 
4 av. 1930 Wet Long Island washed Long Island washed 
bank sand bank gravel 
4 av. 1705 Wet Long Island beach Long Island beach 
sand* gravel 
4 av. 1910 Wet Long Island beach Long Island beach 





16 av. 2670 10 av. 2480 15 av. 


16 av. 2060 


sand gravel 


16 av. 1910 


If concrete 90 days old be assumed to be 25% stronger than the same concrete 28 days old the corresponding 


totals for 28 days would be approximately as follows: 
2150 2000 1700 1650 


*Coarse and well graded, not the very fine sand usually described as 


1550 


‘sea-beach sand.” 








ry 18, 1915 
» ft. deep, made. Four holes were drilled in -the 
dth. 
new method one drilling operation was saved, 
iting economy in time and money. A _ hole, 
with a 4-ft. steel, was put down to a depth of 12 
last drill-steel had a 2-ft. end section with 
screw welded and by this 2-ft. 
was screwed on and the hole driven 2 ft. deeper. 
rocess continued until the final depth was reached, 
7 he sections were withdrawn and unscrewed. 
ri}, extensions were shipped to the job ready-made, 
ded to the drill-steels at the local blacksmith shop. 


{hi 


on, means a 


This new method was devised by Richard McGuckin, 
S ntendent for the tunnel contractor, John A. Kelley 
(‘o., Philadelphia, Penn. The work is done under the 


tirection of A. C. Shand, Chief Engineer of the Penn- 
evivania R.R.; Nauman, Assistant Engineer; 
George Patton, Resident Engineer. John A. Kelley, Jr., 
supervises the work for the contractor. 


George 


— 
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Earth Tunnel for Pipe Sewer 
at Virginia, Minn. 


A 12-in. pipe sewer laid in a tunnel at a depth of over 
30 ft. is an interesting piece of work at Virginia, Minn. 
The sewer serves one of the new additions to the city and 
has a length of 1727 ft., of which 1100 ft. are in tunnel 
The lines met with a variation 


and 627 ft. in open cut. 
in grade of only 1% in. 





TUNNEL FoR 12-IN. Pree SEWER AT VIRGINIA, MINN. 


(The left-hand view shows the tunnel excavation with one 


of the special wheelbarrows. At the left side is City En- 
gineer Johnson, and at the right is Street Commissioner 
Christopherson, The right-hand view shows the pipe being 


laid and backfilling placed) 


The tunnel was started at the east end at a manhole 
where the depth was 22 ft. After finding the experiment 
successful, work was also started from the other end, 
where the depth of digging was 15 ft. The excavation 
was in glacial drift, with much hard clay and boulders. 

After trying several distances between shafts, it was 
found that 75 ft. was very satisfactory. Only three men 
could work in a shift, as the cross-section of the tunnel 
was only 2x5 ft., varying somewhat where large boulders 
were met. One man with the usual picking tools and 
small scoops dug ahead into the drift. The second man 
shoveled the muck into a small wheelbarrow of special 
make and wheeled this to the shaft, dumping the dirt into 
buckets which were hoisted to the surface by a third man 


ENGINEERING 


NEWS 351 


At first the advance was 8 or 9 ft 
per shift, but later on with harder digging it was 4+ to 5 


working a windlass. 
ft. At the same time a night shift was put on. Regular 
miner’s lamps were used. No timbering was necessary. 
The laying of the pipe was kept 50 ft. behind the ex 
cavation. As the digging proceeded far enough into a 
drift the dirt was carried back to the pipe and there used 
as backfilling. In this 
avoided. Vitrified clay pipe was used, laid as if in open 
cut. All of the tunnel and the shafts have been back 
filled, except where manholes have been placed. 


manholes are at street intersections and are 400 ft. apart. 


way much of the hoisting was 


These 


The deepest manhole is 37 ft., which is also the deepest 
point on the sewer. The grade is 0.4%. 

The plans were prepared by E. 
The work day the 
direction of C. Christopherson, Street Commissioner. 
The cost of the tunnel was $1.75 per lin.ft., which in- 
cluded all the labor used in tunneling, backfilling and 
laying the pipe, as well as digging the shafts. 
was furnished by a 


F. Johnson, City En 


gineer, was done by labor under 


The pipe 


local contractor at 35c. delivered. 
The work was completed in January, 1915. 
- 


Thawing Ground for Trench- 
ing at Kalamazoo 


By A. 


LENDERINK* 


For the purpose of assisting the unemployed, the com- 
mon council of Kalamazoo, Mich., decided to build now 
some of the sewers that were planned to be built during 
the summer of 1915. 

The ground in the streets was frozen 18 to 24 in. deep. 
The engineering department decided to try steam as a 
means of removing part of the frost so that it would be 





*City Engineer, Kalamazoo, Mich. 





Fie. 1. View or Enciosep Borter-Truck AND COVERED 
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easier for the men and also keep the cost of the excava- 
tion from becoming too great. The department has a 10- 
hp. upright boiler and engine mounted on a truck so 


Frozen 


Fic, 2. Cover and STEAM Pipes ror THAWING GROUND 


A 1-in. steam line from 
the boiler was laid along one of the outer edges of the 


that it can be easily moved about. 


trench for a dis- 
100 to 150 ft, from 
the boiler and returned along 
the other The 
of the then 
ered with some wooden sewer 
forms that the city used for 


yroposed 
proj 


tance of 


edye., part 


trench was COV- 


large conerete sewer con- 
struction, and the forms cov- 
ered with 6 to 8 in. of sand, 
The pipes were kept off the 
ground by a few bricks. 

It was found that by keep- 
ing steam on the pipe for 
24 hr. the frost in the part 
under cover was entirely re 
moved. The moisture in the 
thawed 
men to shovel the top dirt out 
of the trench 


n pick to loosen it. 


ground allowed the 


without using 
The pipes and forms were moved ahead each morning 
and the thawing started for the next day’s work. 
A portable shelter was built around the boiler (Fig. 1). 
The cost of the thawing, for a trench 3 ft. wide, was 
8 to 10c. per lin.ft., exclusive of interest and depreciation 
on the boiler. 
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Raising a Highway Bridge by 
End-Pin Slings 


By R. C. HarpMan* 


The writer has recently raised a highway bridge 5 ft. 
at one end by a method believed to be unique. 

The bridge in question is a Pratt truss weighing about 
85 tons, 105 ft. long pin to pin, spanning the Arkansas 
River at Canon City, Colo. The raising was necessary to 
conform with the grade of a new reinforced-concrete via- 
duet with which it connects. The method of raising was 
hy lifting the bridge from above instead of from below. 
This was accomplished by means of steel yokes placed 
around the nuts on the end pins, through. the tops of 
which were placed I-beams to take the lift of geared screw- 
jan ks. 

The apparatus and method of application are shown 


*Box 1082, Colorado Springs, Colo. 
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LIFTING THE END OF A 
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clearly in the picture. The yokes were made of 1 
square steel forged at one end to fit the hexagons 
nuts and at the other to fit the flange of the I-be 
weld was made over the I-beams. 


alti 
setween the nut 


yokes were placed strips of sheet lead to take up ir 


larities in the yokes so as to secure a uniform bearin 
the nuts. The nuts were first turned to place one 
of sides in a horizontal position. 
The I-beams used were 6 in. On the top flange 
the yokes, were placed %4-in. steel plates to distribut. 
load and prevent any possible crippling of the flan 
the edges. The sides of the I-beams were filled with 
to prevent any lateral movement of the yokes, Thy 
yokes at each shoe were bolted together, direct}, 
the nuts, to prevent any possible slipping off the nut 
Four jacks were used. Three had 35 tons cap: 
each, the fourth 25 tons. These were placed unde 


105-Fr. Bripge 


ends of the I-beams as close as possible to the yokes 
in general about 6 in. away. 

The raising was done by successive lifts of about 2 in 
each: one truss was raised sufficiently to place a layer o! 
2-in. planks under its shoe, and then the other truss was 
raised to accommodate two layers of plank (i.e. 4 In.) 
In this process, continued alternately, one truss was alwa 
on a firm bearing while the other was supported by the 
jacks. When a height of 9 to 10 in. was reached by either 
truss, the supporting blocks were removed and their place 
taken by permanent blocking made of 4x8x16-in. concret 
blocks laid up in cement mortar, and then the jacks were 
blocked up in the same way. At the end of each day’ 
lift the space around the concrete blocking was filled in 
with 1: 2:4 concrete to form a pedestal 4x5 ft. 

The rate of lifting was variable. The first lift of 
about 13 in. was made in about three hours, the second 
lift of 32 in. was accomplished in five hours, and the last 
15 in. five men. 


in two hours. The force consisted of 


The entire time consumed in raising the bridge the full 
height of 5 ft. was 214 days, which included assembling 
materials and setting up the apparatus, lifting, placing 
temporary and permanent blocking, and concreting the 
pedestals. The work could have been done in much less 
time, but at the sacrifice of safety. 


The bridge was erected in 1891. When as a prelimin- 
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he raising the expansion end, which was of the 
pe, Was uncovered, it was found that the slotted 
‘ich provided for the expansion around the anchor 
| been placed so that no expansion could take 
In other words the slot was on the wrong side of 
hor. All of the anchors were loose, which makes 
probable that the expansion had been taken care 
ie movement of the abutments and buckling. As 
sansion end of the bridge was the one raised, the 
was easily remedied. 
4 


Vacuum Sample-Tubes and 
Thermos-Bottle Container 
for Bacterial Samples 


An ordinary thermos bottle for packing and shipping 
water samples long distances for biological analysis has 
been used with unqualified success for many years by 
George S. Binckley, Consulting Engineer, Los Angeles, 
Calif. He uses vacuum tubes of thin glass and after seal 
ing them shut in the flame he puts them in cracked ice in 
a quart-size thermos bottle, for expressing to the labora 
tory. A long series of duplicate results, one by a labora 
tory near the source of the water, the other several hun- 
dred miles away (the samples being shipped to this dis 
tant laboratory by express), shows by the close agreement 
of results that the method is perfectly reliable. 

The preparation and filling of the sample tubes are de- 
scribed by Mr. Binckley as follows: 

A small standard test-tube is heated in the gas flame 
(having been previously cleaned with nitric acid and distilled 
water) and the upper portion drawn down to a diameter of 
about ;vin. The stem is then broken off, and the few drops 
of distilled water always allowed to remain in the tube before 
being drawn down are then boiled over the flame: when all 
the air has been expelled, and while the steam is still flowing 
out of the stem, the opening is quickly sealed in the flame, 
the steam condenses, and the tube is ready for use. 

When the sample is to be taken, the outside of the stem 
is carefully cleaned, especially near the point, and sterilized 
by passing quickly through the flame of an alcohol lamp. 
The tube is then held, stem down, in the water, and, with the 
hands held down-stream from the tube, the stem is broken 
with a small pair of pliers, and the vacuum causes the water 
to flow into the tube. As soon as filled, the broken end of 
the stem is quickly and carefully sealed in the flame of the 
alcohol lamp, the tube is wrapped in a few layers of cotton 
cloth, and then placed in the cracked ice in the thermos bot- 
tle. 

A more elaborate vacuum container, for use where 
the samples are bottled in thick-glass bottles, was de- 
scribed by R. S. Weston on p. 1265 of our issue of Dee. 
24, 1914. 


Safety Derrick-Hook for 
Handling Buckets 


By N. R. Meivin* 


The safety derrick-hook shown in the drawing is de- 
signed for use on derricks handiing buckets with rigid 
hails over open timbered excavations. The object is to 
have a hook that will not become detached from the 
bucket till removed by hand. 

It is a well known fact that the old-style -hook will, 
nine times out of ten, unhook from the bail of a bucket 
when lowered to the ground if any “slack” is allowed to 
run out from the engine. It frequently happens in lower- 


*Superintendent for McMullen, &- Hoff Co., 131st St. and 
Lexington Ave., New York City. 
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ing a bucket into a timbered excavation that it will la 
either through carelessness or misunderstanding of sig 
nals, on one of the cross-braces, become disengaged from 


the hook, and fall to the bottom of the excavation. At 
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Mern.vin’s Sarery Hoon ror Carrying BUCKETS 


least one man was killed and another seriously injured 
on the present subway work during the past vear from 
this cause. A hook of dimensions given in the drawing 


will safely sustain a load of 10 tons. 
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Collecting Data on Foundation Soll—-Extensive collection 
of data on foundation soil has been begun by the committee 
on this subject of the American Society of Civil Engineers 
headed by R. A. Cummings, Pittsburgh 
tions has been sent out by the committee, classified in thr« 
groups, dealing with tests for bearing value, data on bearing 
value as deduced from existing structures, and local practice 
in bearing value of soil. The largest number of questions i 
in the second group, and it is specially stated that informatio 
given will be treated as confidential! if this is requested 


A series of 59 ques 


Errors in Leveling Due to Slip of Extension Rod While 
Being Carried—In running about 200 mi. of level lines for 
topographic control in Wisconsin and Ohio during the field 
season of 1914, an unsuspected source of error was disclosed 
Discrepancies amounting sometimes to 0.007 ft. appeared be 
tween the target reading by the rodman immediately aft« 
the sighting, and the second reading (without resetting) b 
the instrumentman after the rod had been carried about 300 
ft. on the rodman’s shoulder. The discrepancies occurred onl) 
when the target was on the upper section of the rod Experi 
ments proved that the swaying of the ends of the rod carried 
in this manner sometimes caused one section of the rod to slip 
on the other, in spite of firm clamping. The discrepancies 
disappeared when care was taken to carry the rod without 
noticeable vibration.—J. M. Perkins, Hudson, Mass. 

Compensation of Rod-Reading Errors in a Long Line of 
Levels—In the same leveling just referred to two other kinds 
of errors were studied. Sometimes the line of sight ran over 
a summit, both the level and rod being on low ground. In 
careful leveling across such a summit when the weather con- 
ditions favor refraction, it was found that the line of sight 
should clear the summit by at least 2 ft. The work was fairly 
precise, closing within the limits of error prescribed by the 
formula e = 0.05 Y length of circuit in miles. The work was 
done with a good 22-in. wye-level and a New York type of rod 
reading to 0.001 ft. While text-books state that some errors 
tend to compensate, the records of current experience are more 
satisfying to the mind. Here is such a recor’. Both the in 
strumentman and the rodman kept notes of the readings of 
the target rod, and the instrumentman made it a rule not 
to take notice of a difference between readings of 0.00601 ft. in 
any one reading. In consequence of this many such differences 
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occurred in the notes. Nevertheless, the greatest difference 
in computed elevations between the two sets of notes was only 
0.013 ft. the lines varying in length from 6 to 25 mi.—J. M. 
Perkins, Hudson, Mass. 


Comparative Tests of Trap Rock and Slag as concrete ag- 
gregate have just been made for the National Slag Co., of New 
York City, by Prof. Harold Perrine at Columbia University. 
The Hudson River trap was separated into %-in., %-in., 4-in. 
and dust and was artificially graded to the natural gradation 
of the slag, which was used as furnished by the company. A 
1:2:4 (by volume) mix and a standard sand and cement were 
used for all test cylinders. The results were as follows: 
COMPRESSION TESTS ON 8x16-IN. CONCRE’1 «} CYLINDERS 
(1:2:4 mix, 28 days old) 

Weight of Weight of 
Aggregate Concrete 
Lb. per Cu.Ft. Lb. per Cu.Ft. 
154.5 


Compressive 
Strength 
Lb. per Sq.In. 
1769 
2120 
2025 


1988 


Trap rock 


1976 
2367 
weitiv 
2470 
2750 
2466 AV. 

The Bascule Bridge Turned Into an Amusement Device— 
What amounts to a 250-ft. steel bascule bridge journaled near 
one end on trunnions mounted on a swingbridge turntable, 
and carrying at the other end a car for passengers, is one 
of the novel amusement devices installed in the “Zone” at the 
Panama-Pacific Exposition. The turntable tower is 48 ft. 
high to the trunnions and rolls by eight four-wheel trucks 
on a standard-gage circular track 61 ft. in diameter. The 
swinging arm or “bascule” is 242 ft. 10 in. long; the short 
arm is 38% ft., the long arm 204 ft. 3% in. 

Some details of the structure are as follows: The track is 
built of 90-lb. T-rail laid on stone ballast 2 ft. deep; radius- 
rods preserve its circular shape. The bascule is journaled on 
two 15-in. shafts 8 ft. 9% in. long, resting in phosphor-bronze 
bearings. The tajl is counterbalanced with concrete. The 
width of the bascule is 35 ft. 9 in. at the trunnion and tapers 
to 8 ft. at the outer end. The car, 19x38 ft., double-deck, is 
connected by links and arms to the tower so that the car is 
kept in vertical position. 
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The bascule is raised and lowered by two §&-ft 
pellers driven by two 3-hp. electric motors, locat; 
from the outer end of the arm, and by gearing at 
trunnion driven by an 1l-hp. motor. The tower 
on its track by four 15-hp. alternating-curren;: 
mounted on four of the trucks. Water ballast ta» 
alongside the car permit of keeping the structur, 
balanced for al loading, the concrete counterweig 
adjusted for full load, i.e., 120 occupants or 18,000 

The structure is owned and operated by the Pacit 
scope Co. J. B. Strauss, Chicago, designed it. The 
fabricated by the Modern Structural Steel Co. w 
Wis., and erected by the George H. Griffin Co., Seattl: 
The machinery was installed by the Butte 
struction Co., San Francisco. 


Electrix 


Industrial-Railway Equipment for Road Work— A 
equipment used in the construction of a 12%-mile wate, 
macadam road 10 ft. wide, in Illinois, consisted of two 
locomotiyes, six miles of portable track and sixty 
steel dump-cars. The rails and steel ties were made in 
sections, each weighing 225 lb. There were two flat-ca: 
hauling the track, but the frames of the dump-cars co 
together with 6-ft. poles answered better for this pur 
The track crew of four men could lay an average of 26 
of track per day. In order to keep the track in good 
ment one man was required to go over the track conti: 
watching for and correcting low joints and loose con 
tions. This care greatly increased the efficiency of the 
motives. By placing 10 to 12 loaded cars ahead of the k 
motive and from 12 to 16 cars behind it, depending on ¢ 
grade, one locomotive could handle long trains. Wher 
grade was 4% or over, the engine dropped the rear end of 
train and pushed the forward cars to the top of the hill, g<« 
back for the other half of the train. Switching in the , 
was handled by a mule. The equipment on one job was leased 
for six months, and in a little less than five months 35,47 
cu.yd. of stone were handled with an average haul of 
miles. The cost on the rental basis, which included all! ex- 
penses incurred in the hauling as well as the freight on th: 
plant both ways, was 14.8c. per ton-mile. This included also 
the necessary expense to put the equipment in first-class 
shape. It is estimated that team haul on this job would have 
cost at least 28 to 30c. per ton-mile.—Fred Tarrant. Div. 
Engr., Ill. Highway Dept. 
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INVERTED PENDULUM “AfROSCOPE” AT THE PANAMA-PACIFIC 
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A Great International 
Exposition 


The official opening this week in San Francisco of 
the fourth great International Exposition ever held in the 
Unit | States is an event well worth the special attention 
of engineers. For one thing the official name of the 
exposition indicates that it celebrates the completion of 
the greatest engineering work in the world, the Panama 
(anal. Hardly less does it celebrate, however, an achieve- 
ment quite as remarkable as the work done in joining 
the oceans at Panama. We refer to the wonderful restora- 
tion of the city of San Francisco after the destruction 
which swept over it in 1906. Never was there a more re- 
markable illustration of the indomitable courage inher- 
ited by the descendants of the western pioneers than the 
manner in which the people of San Francisco resolutely 
faced the task of clearing away the ruins and building 
their city anew. 

This great work was indeed far from completed when 
San Francisco zealously embarked on the task of creat- 
ing an international exposition that should worthily rep- 
resent the United States and compare favorably with the 
previous great expositions at Chicago and St. Louis. 
There has been need of courage in the conduct of this 
enterprise, for the terrible catastrophe which has over- 
spread the world for the past six months so absorbed men’s 
minds here as well as in Europe that the public has had 
but little thought to give to San Francisco’s attempt to 
bring all nations together in friendly competition, and 
it has been evident that the representation and attend- 
ance from European nations must fall far short of 
what had been hoped. There was nothing for the exposi- 
tion authorities to do, however, but to go straight on 
with the program they had originally planned, and wliat 
they have accomplished is something of which every loyal 
American may well be proud. 

As a proper recognition of this great national and in- 
ternational event, the present issue of ENGINEERING 
News is made nearly double its usual size, and is made 
noteworthy by a series of special articles on the engi- 
neering works of the city of San Francisco, as well as 
the Pacifie Coast, many of which will be the object of 
interested study by engineers who are fortunate enough 
to visit the exposition this season. 

The holding of great international expositions may be 
said to have had its origin in the famous London “Crystal 
Palace” Exposition of 1851. Compared with the achieve- 
ments of later years, that exposition was a small affair, 
but it was as large in proportion to the industries of that 
day as the great displays of Chicago in 1893 or at Paris 
in 1900 were to their times. 

It would be difficult to overestimate the value as a 
means of public education in the arts and industries of 
the Centennial Exposition at Philadelphia in 1876. 
America at that period had no such close connection with 
Europe as exists today, and the foreign displays there 
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were a revelation to most visitors. Since that time, the 
great development of technical journalism has largely 
displaced the exposition as a means of spreading know] 
edge concerning engineering and mechanical progress. 

The great public service rendered by the Chicago ex 
position of 1893 was not in promoting the development 
of engineering science but in educating the public taste 
for the beautiful in architecture. A similar benefit will 
without doubt result from the splendid buildings which 
have been reared beside the Golden Gate to house the 
Panama-Pacific Exposition. 

As a matter of interest, we present herewith a table 
compiled from the best sources of information available, 
comparing some of the noted international expositions 
held since the Crystal Palace Exposition of 1851. Some 
of the figures given in the table should be used only 
broadly, as the computation may not have been made 
on the same basis for different expositions. The figures 
of total cost, for example, in the recently held exposi- 
tions include the entire expenditure by exhibitors as well 
as by the exposition organization, while in the earlier 
expositions it is probable that only the latter is included. 

The probabilities are strong that a long time may 
elapse before another great international exposition is 
held. It will take time to efface the barriers between 
nations which the events of the past six months have 
created, and the world for years to come will need its 
wealth for necessities. Those who are able to visit San 
Francisco this vear, therefore, will take advantage of an 
opportunity not likely soon to recur. 

TABLE I. COMPARISON OF INTERNATIONAL EXHIBITIONS 


Grounds 


and 
Build- Build- No. of 
aeRe. ings, ings, Expenses, Receipts, No. of Days 
Exhibition Acres Actes $ $ Visitors Open 
London, 1851. 21 18} 1,500,000 2,530,000 6,039,195 141 
Paris, 1855 34 29 1,700,000 1,280,000 5,162,330 200 
London, 1862... 25 2,500,000 2,050,000 6,211,103 171 
Paris, 1867 120 37 4,000,000 5,230,000 10,200,000 217 
Vienna, 1873...... 40 11,000,000 1,030,000 7,254,690 186 
‘ ; 504* 
Philadelphia, 1876. 285 at 8,500,000 3,800,000 9,610,900 159 
Paris, 1878. 152 60 11,000,000 4,635,000 16,159,719 194 
- { 54* 
Paris, 1889 238 754 8,000,000 10,000,000 32,354,111 183 
7 
“he ‘ 28 i 105* . . n 
Chicago, 1893. 666 150 30,000,000 28,239,000 27,539,521¢ 183 
St. Louis, 1904 1200 128* 50,000,000 19,694,855¢ 214 
San Franciseo, 
1915 : 637 O45 50,000,000 


* Area of main buildings 
+ The paid admissions were 21,479,631 at Chicago and 12,804,616 at St. Louis 
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Rate Regulation in California 

The annual fixing of water rates by California muni- 
cipal authorities, which has been so fruitful of litigation 
for years past, will end as soon as the legislature passes 
an act putting into effect an amendment to the state con- 
stitution which was adopted last November on a referen- 
dum vote. For several years the Railroad Commission 
of California has had jurisdiction over the rates. and 
services of all public-utility companies outside of in- 
corporated municipalities, and within such municipali- 
ties as surrendered their powers in this respect to the Com- 
mission. The amendment of 1914 unconditionally vests 
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the rate-making powers in the Commission (when pro- 
vided for by the legislature), but leaves police, sanitary, 
and all other powers of control except over rates with the 
local authorities until surrendered to the Commission by 
local popular vote. This change from state to local regu- 
lation of utility rates is significant, for California has 
been one of the strongest, as it was also one of the first, 
“municipal home rule” states in the Union. It appears 
that a short trial of state regulation of rates outside the 
cities and incorporated towns and in such incorporated 
places as surrendered control to the Commission was suf- 
ficient to show the greater efficiency and economy of state 
as compared with local regulation, even in the larger 
eities. 


Proposed Amendments to the 


Ohio Conservancy Law 

Of the two major amendments to the Ohio Conservancy 
Law proposed in a bill now before the Ohio Legislature 
(Senate, No. 38), one seems bad and the other good. 
The bad amendment would prohibit the construction of 
detention matter which should be left to 
the discretion of district authorities and their engineers. 
The good amendment provides that the directors of 
conservancy districts shall be elected by the people in- 
stead of appointed by the courts 
posed of county judges). As we urged in our issue of 
Feb. 5, 1914, p. 312, the appointment of directors by the 
court, as well as some other features of the law, is not in 
accord with sound principles of -epresentative govern- 
ment and administrative efficiency. This amendment is 
still not fully in accord with such principles, in that 
the directors of a district embracing only a part of 
a county would be elected by the county as a whole, but 
that defect could be easily remedied by the legislature. 


reservoirs, a 


conservancy (com- 


Wire-Drag Surveys for the 
AlasKan Coast 


We have previously had occasion to call attention to 
the efficacy of the long wire drag or sweep*, as developed 
by N. H. Heck, Assistant of the United States Coast and 
Geodetic Survey, in revealing dangerous obstructions to 
navigation, which could not be discovered in any other 
way save by a disastrous shipwreck. 

Certain types of sea coast cannot be adequately surveyed 
without the extensive use of this very valuable hydro- 
graphic survey instrument. Much of the coast of Alaska 
is in this class, and in his recent annual report Secretary 
of Commerce Redfield strongly urged the appropriation 
of $200,000 to carry out a wire-drag survey of the more 
important Alaskan ship channels. 

The appropriation has not yet been made, but a very 
remarkable demonstration of the necessity for such a 
complete survey has recently occurred. One Coast Sur- 
vey party under Assistant John A. Daniels has been en- 
vaged in making wire-drag surveys in southeastern Alaska 
for the past two years. This party has just discovered a 
pyramid rock which rises 600 ft. from the bottom to witb- 
in 17 ft. of the surface of the water. It is surrounded 
by 109 fathoms of water, and the chance that this “ 
merged Washington Monument” would have been dis- 


sub- 


covered by sounding lines is nil. 


*Described in detail in “Engineering News,” Dec. 1, 1910, 


and Aug. 27, 1914 
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The rock walls of the channels of this 
Alaskan coast are nearly straight up and down, 
and below the water. Depths from 20 to 100 { 
within 100 va. of shore. In these waters, wl; 
main thoroughfares of the popular inside » 
dangerous rock pinnacles have been discovere 

(rag surveys. 

It is obvious what chances shipping is takin. 
waters. It is equally obvious that the financi 
the wreck of a single steamship would more tha 
a wire-drag survey of the entire coast. It is t: 
that Congress will make the appropriation ury: 
retary Redfield. 
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New Points im the Edison 


The elaborate report on the Edison fire whic 
tional Fire Protection Association has had») 
should be in the hands of every concrete engin 
everyone interested in fires and fire prevention. — | 
nishes excellent proof that the great plant was . 
ously arranged and showed a disregard of all pri: 
of subdivision and isolation of hazardous elements. ‘Iho 
apparently spontaneous origin of the fire, in a can 6 
motion-picture films, is held to emphasize the danger 
residing in nitrocellulose film—a conclusion haviny vo 
extensive application. 

The causes of injury to the concrete buildings are the 
most interesting item dealt with in the report. Long 
tudinal expansion of the floors is blamed for all the seri 
ous column failures. It is obvious that when different 
temperatures prevail in two superimposed stories, as 
when one story contains a hot fire and the other no fire, 
the floor exposed to the high temperature will expand, 
and the columns supporting it must bend; if the expan 
sion is very great, the bending may be enough to break 1 
shear off some of the columns. It is virtually demon 
strated that this action caused practically all the column 
failures in the Edison buildings. Granting that this ac 
tion did shear off many columns, however, we think it re 
mains true that the injury done by spalling of column: 
is at least equally serious, and that it did not merely re 
sult in defacing the columns but produced extensive str 
tural injury, and in a few cases failure. 

oth these matters—the action of expansion in a long 
huilding and the damage by spalling of columns—«al! 
for most careful consideration in designing future con- 
crete buildings. Whether the subdivision of large floo 
areas into self-contained fireproof units is sufficient to 
keep the expansion trouble within safe limits or whethe: 
expansion joints must be provided is a debatable que- 
tion. On the second point, spalling, we fortunately find 
the solution in the Edison buildings themselves—t! 
few round columns in the fire zone did not spall. 

As to these and the many other subjects of study in t 
Edison buildings, it is important to note that the con- 
clusions apply to all concrete buildings, and not merely to 
such as will contain films or wax or are to be used 
phonograph manufacture. If a building is to be built i 
proof, the principles of proper construction and pro) 
fire-protection must be applied just as rigidly for favo: 
able as for unfavorable occupancy. Whatever teachine- 
come out of the Edison fire, they will have universal a 
plication. 












‘colorado River Control 


| erennial problem of controlling the flow of the 
lower Colorado River and saving the fertile Imperial 
Va , Southern California, from: ruin by flooding is 
,the front. (See p. 285 of our issue of Feb. 11, 

191 The proposed Congressional appropriation of 
190.000 is conditioned on the raising of a like sum by 


t erial Valley Irrigation District, but the total of 
goj0.000 is less than half the amount estimated by Gen. 
W. |. Marshall, Consulting Engineer to the Interior De- 
ent, to be necessary to avert danger from the high 


ab ’ June, 1915. Moreover, even the $430,000 ex- 
penditure advised by General Marshall is only a fourth 
of what was recommended by President Taft in 1912 as 
needed for temporary work. 


The breach which threatened in 1914, and was averted 
by emergency repairs, is likely to be enlarged by the June 
flood unless effective preventive measures are taken mean- 


while. General Marshall says that “the river is now 
avainst the levee or near its toe for two miles, and threat- 
ens its destruction for five miles.” If this levee fails, 


the flood water will sweep down through the Imperial 
Valley into the old Salton Sea, some 300 ft. below sea 
level. 

To save the Imperial Valley, Congressional assistance 
is imperative, not only because money is necessary but 
because it requires the strong arm of the federal govern- 
ment to deal with the international situation. Heavy as 
is the financial burden, the international problems are a 
greater difficulty, because the river can be controlled only 
hy doing work on Mexican soil. The situation was com- 
plicated enough before Mexico fell into its present state 
of anarchy. Since then, such protective work as has 
been done has been carried out under grave difficulties. 
Last year only Mexican laborers, mules, etc., could be used 
and on some materials taken into Mexico from the United 
States as high as 1500% duty was imposed! 

The United States could well afford to pay Mexico a 
liberal sum to have the Mexican portion of the Colorado 
Delta transferred to the United States; but the difficulty 
of finding any authority in Mexico able to give an un- 
disputed title to such territory would be more serious 
than controlling the river’s floods. 


* 


Appointing a Lawyer to Build 
Highways 


Dr. Richard T. Ely of the University of Wisconsin 
in a recently published masterly analysis of some of the 
causes why our governments make a failure in the work 
of carrying on business says: 

Our present system gives us a government by lawyers 


to an extent unknown in any other civilized land, and very 
largely a government of second- and third-rate lawyers. 


An extreme illustration is reported from Missouri 
where Governor Major has just appointed a lawyer to fill 
a vacancy in the office of County Surveyor of Jackson 
County. In defending this appointment Gov. Major is 
quoted as saying: 

I wanted a man of execuiive ability, upon whose honesty 
I could implicitly rely, to administer the affairs of the office. 
He will have the overseeing of the expenditure of more than 
& million dollars in the next two years and I wanted a man 
familiar with road work in Jackson County who could 
administer the office efficiently and see that a dollar’s worth 
of work is put on the roads for every dollar spent, and that 
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every contractor lived up to the letter of his contract 
have that man in Judge Southern 


The Engineers’ Club of Kansas City has made a formal 
protest to the Governor against this appointment, not 
because Judge Southern is not a man of high character, 
but because the office requires engineering training and 
experience, 

Governor Major lays great emphasis on honesty as 
the requisite which caused him to select a lawyer for an 
engineer’s job; but no one—unless they wish to delib 
erately go out of their way to libel the engineering pro 
fession—will deny that there are plenty of capable engi 
neers to be had whose honesty and fidelity to trust are 
beyond question. In fact it is very rare to find an engi 
neer who is unfaithful to his trust. Can as much be 
said of the legal profession ? 

There is another conspicuous instance in the East. 
Governor Whitman of New York has recently announced 
the appointment of Edwin Duffy of Cortland as head 
of the New York Highway department, in place of John 
N. Carlisle, the announced reason being that Duffy was a 
college classmate of Mr. Whitman’s and the Governor 
wanted someone at the head of the Highway department 
on whom he could rely to carry out his policies. 

We have nothing to do in this journal with personalities 
or with politics. The reason why both Governor Whit 
man’s and Governor Major’s appointments deserve co 
demnation is because they entirely ignore the fact that the 
building and maintenance of highways is a matter of en 
gineering and not a matter of legal lore. There is as 
much sense in these appointments as there would be in 
appointing an engineer as a district attorney or a lawyer 
as attending physician to a hospital. 

It takes something besides honesty to build and main- 
tain roads and do it economically. Of course these law 
yers acting as county surveyors and highway adminis- 
trators cannot really do the work they are appointed to 
do and are paid for. What has to happen is that they 
hire—at the public expense—some engineers to do the 
work for them. What private business could survive if 
carried on by such methods? Engineers may rightly 
protest against such denial to the engineering profession 
of the power and responsibility that rightfully belong 
to it. 

28 


The Ocean Shipping Business 


Most American civil engineers are more or less familiar 
with the economics of land transportation, especially in 
connection with railway construction and operation. 
Comparatively few, however, are familiar with the ocean- 
shipping business, which is just now brought to public 
attention by the sharp controversy in Congress over the 
proposal that the government itself shall go into the ship- 
ping business. It is unfortunate that this controversy 
has become a political issue for it is a question which can 
only be intelligently discussed and settled with a clear 
understanding of the commercial and economic and engi 
neering questions involved. 

It has been made clear that many of those who favor 
the government shipping bill do so because of their belief 
that the government ought itself to carry on many under- 
takings which in the United States have been left to 
private enterprise, such as railways, coal mines, telegraph 
and telephone systems, and public utilities in cities. It is 
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perhaps worth while suggesting to those who hold such 


a 


ideas that the ocean freight business is one which is so 
difficult to make economical and efficient when conducted 
on a large scale that the government would be extremely 
likely to make a failure of it if it undertook it: and that 
such a failure would be a powerful argument against the 
extension of government activity to other fields where a 
much stronger case can be made out in favor of govern- 
ment operation. 

In saying that the ocean freight business is one diffi- 
cult to carry on economically on a large scale, we are 
referring not to the so called line traffic, by which passen- 
gers and high-grade freight are carried on the principal 
traffic routes across the seas, but to the tramp ships, which 
carry the bulk of the raw materials moved in the world’s 
carrying trade, such as grain, lumber, coal, ores and fer- 
tilizers. It is the tramp shipping business in which the 
fiercest competition rules, a competition which has reduced 
the cost of bulk freights on ocean voyages to an amazingly 
low figure. Notwithstanding this competition, the tramp 
shipping business yields far larger profits to the firms 
that thoroughly understand it than are earned by the 
great steamship lines. A suggestion as to the contrast 
between the situation of line traffic and ocean 
tramp traffic is furnished by the fact that at this very 
time, when some tramp steamers are making profits on a 
single voyage equal to the entire cost of the vessel, the so 
called shipping trust, although relieved of the competi- 
tion of its two great German rivals, is about to be reor- 
ganized because it is unable to pay the interest on its 
bonds; and during the ten years of its history it has never 
paid a dividend on its stock. 

The rapid changes in the shipping business are illus- 
trated by the statement of one of the leading ship own- 
ers of Great Britain in a presidential address at a recent 
meeting of an engineering organization devoted to ocean- 
shipping matters. He remarked that on the much dis- 
cussed question as to the relative durability of iron and 


ocean 


steel ships, he deemed it well settled that th. 
had a shorter life, but that this fact made litt|, 
since an ocean freighter became obsolete lonu 
became unseaworthy through corrosion of her 

To any of our readers who desire to familia 
selves with the ocean-shipping business, we 1 
book entitled “The Ocean Qarrier,” by Dr. . 

Smith, of the University of Pennsylvania, w))) 
be obtainable at most public libraries. At this 1 
so many engineers have to deal with question 
terminals, export traffic, ete., knowledge of ¢| 
conditions under which ocean transportation 
on is likely to be useful to an engineer. 

It is well to point out, however, that the condit 
existing in ocean transportation, which are whol! 
cedented within the memory of anyone now living. 
be made to justify the government’s undertaking | 
riage of ocean freight. 

It is of course true that the conditions which 10) 
in ocean shipping are wholly without precedent anid thay 
these conditions may be made to justify the goveriment 
in operating merchant vessels for commercial fyeivly 
when it could not be justified under ordinary conditions, 
The exigencies of the war have already caused the Unite: 
States government, as well as the governments of Kurope. 
to undertake work always left hitherto to private ente 
prise; an example is the federal marine-insurance bureay, 

The most essential thing, however, for restoring nornal 
conditions in the ocean-carrying trade is the construction 
of new vessels to take the place of the large number which 
have been destroyed during the past six months. It will 
probably be years before the shipyards of the world will 
be able to turn out enough new vessels to meet the needs 
of international commerce. The ship-building industry 
in the United States has been for a long time one of little 
profit, and the present situation may eventually enable 
this country to develop both a successful merchant marine 
and a substantial ship-building industry. 
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Letters to the Editor 
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Experimental Study of Wind 
Pressure Needed 


Sir: Mr. Fleming’s articles on wind pressure appear 
to recommend a smaller amount for this force in the de- 
sign of buildings and other structures. Information is 
admittedly insufficient; yet on p. 211 of your issue of 
Feb. 4, 1915, a mere statement is made that wind pres- 
sure on an exposed surface decreases per square foot 
as the area becomes larger and that for this reason 20 
lb. per sq.ft. for wind is an ample assumption. The re- 
sults (p. 163) of experiments on Forth Bridge do not 
seem pertinent. Pressure is maximum on small spots. 
Also these results evidently include pressure and suction. 
The latter, at the cenier of a large area, might be zero 
or, since there is not a vacuum but deflected motion at 
that point, there might be pressure instead. The tests 
should be on small spots of large and small areas, pres- 


LE 


sure and suction measured independently. An averaze 
could then be taken. Theory would, however, lead to 
the conclusion that this unit force rather increases witli 
area obstructed; Trautwine’s pocket-book intimates sim- 
ilar views to mine. 

The direct measurement of wind pressure and suction 
under various conditions and wind 
would be a matter of small expense when compared with 
the importance of this subject. Are there funds available 
for useful scientific investigations? If some prizes were 
offered as a reward for the best answers 
fied evidence by means of tests, there would probably be 
many parties who by availing themselves of existing [1 
cilities and opportunities might soon furnish valuable re- 
sults for public use. 


of sizes velocities 


based on cert! 


Cuar es R. STEINER. 
Long Island City, N. Y., Feb. 6, 1915. 
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sda Stresses and Factors of 


Safety 


Referring to the articles on wind stresses by R. 
_ now running in your columns, and particularly 
t -sue of Feb. 4, it is to be regretted that the author 
| add to the value of his service to the profession 
ing the opportunity to advocate a more logical 


pl assumptions, by stating the reasonable loads, the 
r ible ultimate unit-stresses, and proper factors of 


to be used in conjunction therewith. 
le working stresses may be desirable in specifica- 


tions. building codes, etc., the writer has always been of 
the opinion that an engineer needs to know the ultimate 


strengths, and to apply thereto factors of safety suitable 
for the installation in question. 

Sieel construction may be divided into three general 
classes: (1) bridges and city buildings, (2) miscellan- 
eous light building construction, and (3) transmission- 
line supports, windmills, ete. 

The writer’s suggestion above applies particularly to 
the two latter classes, and the extension of Mr. Fleming’s 
work to cover the third class would emphasize the need 
for the writer’s suggested procedure. 

The writer wishes to endorse heartily any effort to es- 
tablish reasonable and actual loading assumptions, rather 
than a blanket requirement to cover all possible contin- 
gencies and ignorance. The logical extension of this 
method is of course to use ultimate breaking strengths 
and definite factors of safety, or, if working stresses are 
used, to state the factor of safety provided thereby. 

In conclusion, the writer suggests the urgent need for 
a generally accepted logical and accurate curve of break- 
ing strengths for light columns, such as single and double 
angles or similar members, and would suggest for dis- 
cussion the following formula: 


40,000 


# I 1\2 
. 73-006 (>) 


R. D. Coomrns, 
Consulting Engineer. 

30 Church St., New York City, Feb. 6, 1915. 

| Undoubtedly line towers and similar structures fre- 
quently must be designed on a basis of ultimate strength. 
This requirement is paralleled in few other kinds of 
structure; perhaps the nearest analogue is the calcula- 
tion for emergency loading which is sometimes made for 
important bridges. However, a return to the factor of 
safety, that deceptive term which engineering has largely 
outlived, is highly undesirable. Would not the same pur- 
pose be fulfilled by a calculation for emergency condi- 
tions, with emergency stresses? For instance, if the ex- 
treme emergency condition is the anchor-tower condition, 
i.e., one span totally down and maximum ice and wind 
load, say 14-in. ice and 60-mile wind, then a stress cal- 
culation should show stresses somewhat below the normal 
failure-point. Just what stresses may be allowed in this 
calculation depends on conditions; for example, in a 
design of such kind that a tension member passing its 
yield-point might throw extra stress on another member, 
the extreme tension should not pass 35,000, while other- 
wise an extrethe tension of possibly 45,000 might be ac- 
cepted. In the matter of light columns, however, the 
hase stress of 40,000 suggested by Mr. Coombs is higher 
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than test averages warrant. A base stress of 30,000 to 
35,000 for columns would be better. In view of the fact 
that no tower, so far as we know, ever failed in a tensile 
part, it would seem safest to add to the struts and econ 
omize in the ties.—Eprror. | 

@ 


What Is Gravel? 


Sir—I note with interest the question, “What ‘Is 
Gravel?” in ENGINEERING News, Jan. 28, p. 180, and | 
agree with the writer that the question ought to be an- 
swered. 

We have in nature, sand, pebbles and boulders. These 
are pieces of material of various kinds in their natural 
form with rounded edges and corners. It is generall\ 
understood that small pieces are sand, medium pieces are 
pebbles and large ones are boulders; but we also have 
the word gravel. 

This word certainly is not synonymous with pebbles, 
because gravel is a mixture of sand and pebbles. Is it 
not, therefore, inconsistent in talking of concrete aggre 
gates, to use the terms sand and gravel, and would it not 
be much more specific and definite to say sand and peb- 
bles? It might be well to arrive at a decision as to what 
range of size is meant by the three words sand, pebbles 
and boulders. 

We have another class of aggregates the pieces of which 
are not in their natural shapes but whose sizes are deter- 
mined by crushers and screens. This class, of course, in- 
cludes all crushed material, and, in speaking of such ma- 
terial, it is necessary to specify it by size. 

B. F. A. 

Chicago, Ill., Feb. 1, 1915. 
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eapananenene vents 


Both the old concrete chimney and the new brick chim- 
ney shown in the article entitled “Tearing Down a 250-ft. 
Reinforced-Concrete Chimney,” in our issue of Jan. 14, 1915, 
p. 78, were built by the Alphons Custodis Chimney Construc- 
tion Co., of New York City. 

The Municipal Asphalt Plant of New York City, referred 
to in a note on p. 237 of “Engineering News,” of Feb. 4, 
manufactured paving mixtures for 129,877 sq.yd. of pavement 
and not 12,877 sq.yd., as a typographical error made the 
note read. 


wR 

Natural-Gas Service Regulations have been adopted by the 
Public Utilities Commission of Kansas, effective Jan. 26, 1915 
These fix the minimum heating value at 800 B.t.u. per cu.ft 
with a semiweekly determination. Pipe line or producing 
utilities may make a single calorific determination applying 
to all the connected distributing utilities. Chemical analysis 
must be furnished on request. Pressure shall be not less than 
2 oz. or more than 8, and the daily variation at a consumer's 
meter must not exceed 100°. Continuous pressure surveys 
must be made. All services shall be metered and distributing 
utilities must have meter-testing facilities. No meter shall 
be in service with an error greater than 1% at normal ca- 
pacity, and no meter shall be in service more than five years 
without test and adjustment. Customers may have their 
meters tested on demand once a year. The commission will 
make meter tests at a fee of $2 up. If the meter is more than 
2% fast the utility must pay the fee; a meter found more than 
2% fast requires a refund to the customer for up to six 
months back. There must be records of meter tests, interrup- 
tions of service, complaints and accidents; records must be pre- 
served for three years. Bill forms must show meter readings 
and all factors entering into computation of the amount 
The service may not be discontinued without 48-hr. written 
notice. Distributing companies must send each patron each 
year an approved pamphlet giving full information on the 
economical adjustment and use of gas-burning equipment. 
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Meeting of the Connecticut 
Society of Civil Engineers 


The thirty-first annual meeting of this society was 
held at New Haven on Feb. 9 and 10, with nearly one 
hundred members of the society in attendance. George K. 
Crandall of New London, the president of the society, 
in his annual address said that notwithstanding the gen- 
eral depression in business the large amount of municipal 
work in progress in Connecticut had kept most of the 
members of the society employed during the year and gave 
fair prospects of business for the coming season. Tellers 
who canvassed the letter ballot for the election of offi- 
announced the following ticket: P. C. Elwell, 
New Haven, President; Clarence Blakeslee, New Hav- 
en, First Vice-President; Henry R. Buck, Second 
Vice-President; K. Frederick Jackson, New Haven, Sec- 
retary and Treasurer. Henry J. Kellogg, of New Haven, 
and Edward W. Bush, of Lyme, were elected members of 
the Board of Direction. The society, after some discus- 
sion, voted to adopt a code of ethics identical with that 
adopted by the American Society of Civil Engineers 
at its annual convention in Baltimore a year ago. 

Among the papers read at the first day’s session was one 
on the railroad development of Alaska, by C. M. Ingersoll, 
consulting engineer of New York City, who was a member 
of the Alaska Railroad Commission, which made prelim- 
inary explorations for railway lines in Alaska two years 
ago prior to the appointment of the present commis- 
sion. Mr. Ingersoll was most sanguine as to the future 
prospects of agricultural and mineral developments in 
Alaska when transportation facilities are supplied. 

R. E. Horton, of Albany, N. Y., gave an illustrated 
lecture on the development of underground water-sup- 
plies. In connection with this lecture there was exhibited 
by Mr. Jenks, of Pawtucket, R. I., the Mansfield water 
finder, an electrical instrument manufactured in England 
and claimed to indicate by the deflection of a compass 
needle the presence of underground veins of water. It 
was stated that this instrument has been used for several 
months as a guide in locating deep wells and with satis- 
factory results. 

Among the important papers presented at the sessions 
on Wednesday was a description of a new ocean steam- 
ship terminal at New London, for which the State of Con- 
necticut appropriated $1,000,000. The work was de- 
scribed by Waldo E. Clarke, of New London, resident 
engineer. A pier 1000 ft. long is under construction at 
this point and it is expected that the federal government 
will eventually deepen the water in the channel leading 
up to the pier from its present depth of about 28 ft. to 35 
ft. Experience in the valuation of company-owned water- 
works in Connecticut prior to their acquirement by the 
city was reviewed in a paper by Chas. E. Chandler, of 
Norwich. Herbert C. Elton, of New Haven, read a paper 
on the “Design of Structures to Support Overhead Wires 
for Railway Electrification.” It is recognized that the 
high first cost and heavy maintenance cost of the over- 
head structure used on the electrified New York, New 
Haven & Hartford line is a heavy handicap to the exten- 
sion of electrification. Efforts are being made to devise 
a lighter and cheaper overhead system both here and in 
Germany. Such structures, designed by the firm of Gibbs 
& Hill for the Norfolk & Western and Pennsylvania 
Railroads, were described by Mr. Elton. 
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Convention of the Amer: 
Concrete Institute 


The 11th annual convention of the American | 
Institute, held at Chicago Feb. 9-12, 1915. 
11 sessions at which were presented 35 papers 
dresses and six committee reports. The prog: 
grouped under subjects, a day each being devoted : 
and bridges, to tests and design, to art and arc! 
and to plant management and cost. Nearly 400 , 
were registered, though probably on account of 
centration of the sessions, rarely more than 100 w: 
ent at any one meeting. The subject matter and 
of presentation of all of the papers were admira 
well worth the attention of all interested in concret 
Inasmuch as the Institute is about to initiate the ) 
of printing in a monthly journal ali of the papers a: 
cussions presented at the annual convention, 0: 
more important and timely papers will be reviewe: 


CONCRETE DESIGN 


One evening session, which did not adjourn until! yas 
midnight, was given over to the discussion of two payers 
on design, by Edward Godfrey, of Pittsburgh, and (. A, 
P. Turner, of Minneapolis. Mr. Godfrey’s paper was a 
resumé of his now well-known indictment against cur- 
rent practice in concrete design, more especially as Jai‘ 
down in the report of the Joint Committee on Concrete 
and Reinforced Concrete. The criticisms reduce them- 
selves to a claim that the report allows the use of a pla. 
concrete column for lengths up to 12 times the diameter, 
that the so called rodded column is a dangerous element 
in design, that stirrups in beams are unnecessary a! 
that the recent Chicago flat-slab ruling is unjustly favor- 
able to that form of construction. Mr. Godfrey, who we 
present, was subjected to the heckling of a number « 
members, but his criticisms were answered soberly a: 
reasonably by two members of the Joint Committee, I’ro’. 
A. N. Talbot, of the University of Illinois, and Sanfor! 
E. Thompson, of Boston, and by a representative of the 
Chicago building department. 

Prof. Talbot acknowledged that the Joint Committee 
report was not perfect and that it could be bettered by a 
number of verbal changes which, among other things. 
would remove the remote possibility of its endorsement of 
a plain concrete column, but he stated that it was never 
intended as a treatise on concrete construction and was 
supposed to be used only by those acquainted with the el-- 
ments of structural engineering. He stoutly defended 
the longitudinally reinforced column of proper design, 
and showed by tests that it does act as intended, that is, 
with a proper distribution of stress to both concrete and 
steel. He also showed tests demonstrating the efficacy of 
stirrups, although he admitted that the value of such stir- 
rups would be lost if the horizontal steel was not tied into 
the supports of the beam. 

The paper by C. A. P. Turner was familiar to those wlio 
have followed Mr. Turner’s writings and would probably 
have provoked some discussion had Mr. Turner remaine! 
after its reading. Some urgent business, however, calle: 
him from the floor while several very pointed queries were 
pursuing him through the doors. 


] 


STRUCTURES 


One of the most important papers was the report of tle 
special committee on the Edison fire. The essentials o! 
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t will appear in an early issue of ENGINEERING 
rhe main novel finding of the Committee is that 
column failures by shear were due to longi- 
xpansion of the building, following vertical 
due to the unequal expansion of the square col- 

‘ion. Other structural papers were on “Standard 


ull 


Des for Concrete Highway Bridges and Culverts,” 
i. «, 3. MeCullough, of the lowa State Highway Com- 
a review of that commission’s practice and an ac- 
numerous failures due to bad design; “Test of a 
Re ed-Concrete Slab Bridge,” by E. B. McCormick, 
U. S. Office of Public Roads, a description of the 


mls 
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ars a number of full-size tests to determine the dis- 
trib 1 of loads on a bridge floor slab; and “Design and 
(onstruction of the Massachusetts Institute of Technol- 
ooy Buildings,” by Sanford E. Thompson, Consulting 
Engineer, describing the preliminaries to design and the 
earlier construction of the large group of buildings now 


under way on the north bank of the Charles River in 
Cambridge. 

P. M. Bruner, St. Louis, Mo., told of his patented 
method of securing dustless concrete floors by the placing 
of a cover of burlap weighted with cement and sand on 
the just completed floor surface, the principle being that 
the cover absorbs the excess water in the concrete, thus 
allowing it to set without the customary flushing to the 
top of the fine particles. The results have been eminently 
satisfactory. In the paper noted in the previous para- 
graph, Mr. Thompson stated that in the Institute build- 
ings a dustless floor had been attained by the exclusion of 
all fine matter from the aggregate, thus precluding the 
possibility of such fine matter flushing to the surface. 
Further discussion of the subject developed an advocacy 
of boiled linseed oil as a dust preventive after construc- 
tion. 

Two papers were devoted to the new egg-shaped con- 
crete sewer pipe, which has recently been successfully 
tested and later adopted for work in the city of Philadel- 
phia. 

A paper entitled “The Strength of Concrete Forms,” 
by Harrison 8. Taft, of Seattle, Wash., contained a most 
elaborate analysis of the design of such forms and a num- 
her of valuable tables to be used in form design. 


CONCRETE ROADS 


Perey H. Wilson, of the Association of American Port- 
land Cement Manufacturers, explained the work that 
association was doing in coéperating with concrete road 
builders. A large force of engineers and inspectors now 
covers the entire country. and is ready to aid any engineer 
or contractor who has the construction of a concrete road 
under way. In addition to this educational work, the as- 
sociation, through its field force, is accumulating com- 
plete data on materials, construction and wear of every 
concrete road in the country, all of which information is 
available for study. Mr. Wilson stated that in 1914 about 
15,000,000 sq.yd. of concrete paving and roadways had 
been laid in the United States, which is more than in all 
previous years combined. The experience of the past few 
years has developed the following facts in regard to con- 
crete roads: more knowledge of aggregate is desirable and 
a suitable field test should be devised; metal protection 
plates at joints are not necessary; the concrete at the 
joints should be denser than elsewhere; more canvas cov- 
ering during curing is necessary; aggregate should not 
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be too hot lest the conerete set before placing ; thicke! 
roads are desirable; roads over 12 ft. in width should be 
reinforced. 

The question of reinforcing roads was also under dis- 
cussion, but practice in this regard seems very erratic and 
the theory of reinforcement highly debatable, so little of 
value was developed. 

Figures on cost were given by Mr. Wilson and by H. J. 
Kuelling, County Highway Commissioner, Milwaukee, 
Wis. 

A brief description was given in a paper by Wm. H. 
Cornell, of Philadelphia, of a new test conerete road re 
cently laid in that city, wherein one of the accepted types 
of construction and material have been used. Service 
records and measurement tests are to be made public when 
avaiable. 


ComMMITTEE ReEPoRtTS 


The Committee on Concrete and Reinforced Concrete 
presented the final report on the tests of concrete columns 
poured from a building under construction in New York 
City. These columns, of full size, were of different types 
of design, and their test affords the latest and most nearly 
complete record of comparative performance. A sum- 
mary of the tests will appear in an early issue. 

The Committees on Treatment of Concrete Surfaces, 
on Roads and Pavements, and on Building Blocks and 
Cement Products, presented some slightly revised specifi- 
cations and recommended practice, all of which were ac- 
cepted and sent to letter ballot. The Committee on 
Nomenclature presented a tentative list of definitions, 
which are to appear in the Journal of the Institute and 
are then to be subjected to criticism by the members. The 
Committee on Highway Bridges and Culverts re-pre- 
sented its last vear’s suggestions for specifications on 
highway bridges and culverts. The Committee on Meth- 
ods of Tests and Standard Specifications for Concrete 
Materials submitted some of the results of comparative 
tests on aggregates made by different laboratories 
throughout the country. 


BusINESss SESSION 


Owing to recent gifts of over $15,000 to the Institute, 
it now finds itself in excellent financial condition. A per- 
manent secretary, whose activities will probably be di- 
rected toward publicity and building up the society, has 
been secured, and by the monthly journal and other pro- 
jected services it is hoped to give the Institute a new im- 
petus which will guarantee its rapid growth. The new 
president elected is Leonard C. Wason, of the Aberthaw 
Construction Co., of Boston, who succeeds Richard kL. 
Humphrey, of Philadelphia, now retiring after 10 years 
of arduous service. 

At the annual banquet, Mr. Humphrey and Mr. E. E. 
Krauss, the retiring secretary, were each presented with 
a handsome clock by the members attendant on the con- 
vention. 

The offices of the Institute are in the Harrison Bldg., 
Philadelphia, Penn. Information regarding the papers 
referred to above may be obtained by communication with 
the Secretary, C. L. Fish, at that office. 


* 

State Highway Departments are now organized in all the 
States of the Union but seven; and 30 states now make di- 
rect appropriations for highway construction or maintenance, 
according to the American Highway Association. 
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Two Virws or Fusep ConcrRETE IN BASEMENT OF WAX Hovusr, Epison PHonoGrapu Works 
(Taken after fire of Dec. 9, 1914) 
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Concrete Was Melted in 
Edison Fire . 


peratures equal to the melting-point of concrete 
ached in the great fire in the Edison Phonograph 
Works, West Orange, N. J., on Dec. 9, 1914, according 
joint report of the National Board of Fire Under- 
: and the National Fire Protection Association. In 
this report, which covers all phases of the fire in detail, 
they say on the subject of temperatures: 


ie heat attained in this fire was exceptionally high and 
continued from 1 to 3 hr., owing to the quantity of inflammable 
rials and lack of water. Evidence of temperatures rang- 
ing from 2000° to 2500° F., and probably higher, was found in 
many places. 

There were evidences of fused concrete on parts of columns, 
beams and floor slabs in basement of Wax House, No. 12 
Several beams and floor slabs appeared to have wasted away 
as a result of this fusion. Slag has flowed down the side of 
the columns and hangs in stalactites from the bottom of the 
beams and floor slabs [see the two photographs reproduced 
herewith]. This would indicate a temperature of 2500° F. or 
more at this location. Reinforcing bars were also found 
melted where exposed by the fusing of the concrete in the 
beams and floor slabs. 

There was also a limited quantity of slag and other evi- 
dence of fused concrete in the west end of the third story 
of No. 24, near the failed columns where heat from the burning 
wax was most intense. Similar evidence was found in the 
vicinity of the general collapse in No. 11. 

A careful investigation of this slagged concrete, and the 
fusibility of concrete in general, is being made by the Bureau 
of Standards of the U. S. Department of Commerce. The 
results thus far obtained indicate that the formation of the 
concrete slag was due in part at least to intense heat. The 
investigation is not yet completed. It is, of course, possible 
that highly heated chemicals may have contributed to the 
excessive destruction found in No. 12. However, the fact 
remains that well defined samples of fused concrete were 
found in two other buildings, and it is hardly probable that 
the same chemical agencies would have induced the fusing 
in those cases. 

Large pieces of steel and cast iron melted in a number 
of places, notably in Nos. 7, 11, 12, 15, 18 and 24. Melted 
copper and brass were commonly found, and glass, of course, 
melted freely almost everywhere. 


mate 


Steel pipe and other steel parts where found melted 
indicated exceptionally high temperatures, as fluxing or 
slagging could hardly occur in all cases. The bearing 
of slagging on the fusing of concrete is still a question. 

These observations tend to show that the Edison fire 
was the hottest ever recorded, and that it produced in 
some places temperatures approaching blast-furnace heat. 

Farther on in the report the fused concrete in Building 
12 is described as follows: 


There is apparently no structural damage in the first and 
second stories of this building, which are in fair condition. 
There is some eyidence of fused concrete at one point near 
the south wall. 

In the basement, however, conditions are quite different. 
The ceiling, beams, girders, and columns supporting them in 
this lowest story show a remarkable appearance of fused 
concrete, especially in the floor panels toward the north side. 
Small stalactites of concrete hang down from the ceil- 
ing and large bunches of it adhere t@.the columns where 
it has run down and hardened. The lower part of three 
beams has wasted away, exposing the reinforcement, which 
has melted or burned out, causing failure of the beams. The 
under side of the floor slabs adjoining these beams has also 
wasted away, exposing the metal reinforcement, part of 
which has melted and hangs down in tapering rods, the area 
of which has been reduced in some cases to about one-eighth 
of its.original size. The columns, in addition to being fused 
on the surface, have also spalled. The metal reinforcement of 
two columns only is exposed and distorted from expansion, 
the same as in the other buildings. One wall column on the 
south side has failed by shear. 

This was undoubtedly the hottest place in the entire fire, 
the temperature probably being 2500° F. or more. Eye- 
witnesses state that the fire was burning here long after 
it had died down in the rest of the plant. 
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Suggested Itinerary for Engi- 
neers Desiring to Visit Rec- 
lamation Service Projects 


For the benefit of any who may wish to visit the inter 
esting dams and irrigation canal systems of some of the 
projects of the United States Reclamation Service on 
their way to or from the Panama-Pacific Exposition, th 
following itinerary, with prefatory comments, has been 
prepared for this journal through the courtesy of A. P. 
Davis, Chief Engineer of the United States Reclamation 
Service, Washington, D. C. 


PREFATORY COMMENTS 


In considering this itinerary it should be borne in mind 
that the southern projects in New Mexico and Arizona 
can be visited to best advantage in the spring or autumn. 
Those engineers intending to visit San Francisco before 
or even during May are advised to go by the southern 
route and return by the central or northern route. Those 
leaving in the summer should by all means go by the 
northern or central route, and, if delayed until autumn, 
return by the southern route. 

In the three itineraries outlined, the first course sug 
gested is to go trom Chicago to the Southwest by El Paso, 
Pheenix and Yuma, and come east from San Francisco 
through Nevada and Utah. 

The second, or summer, trip suggested is to go west, 
reversing the order of journey which in the first route 
covers the trip from San Francisco to Chicago, and then, 
in leaving San Francisco, to zo toward the north by the 
Shasta route and visiting points in Washington and 
Idaho. 

The third suggested trip is to leave Chicago going 
toward the Northwest instead of toward the West or 
Southwest, and practically repeating in reverse order the 
suggestion for the second trip, this being most advan 
tageously taken during the middle of summer. 


I. Going by southern route and returning by Salt Lake 
City: 

First day—Leave Chicago. 

Second—En route via Rock Island Railroad. 

Third—Arrive El Paso, Tex., visit irrigation works in 

vicinity. 

Fourth—Automobile or railroad trip to Elephant Butte Dam. 

Fifth—Return to El Paso, Southern Pacific train to Phoenix, 

Ariz. 

Sixth—Arrive Phenix. 

Seventh—Automobile through Salt River project to Roose- 

velt Dam. 

Shanch--eters to Phoenix and see irrigation works in 

valley. 

(As an alternative route, after leaving El Paso, change at 
Bowie, go to Globe, Ariz., and take automobile from Globe to 
Pheonix by way of the Roosevelt Dam). 

Ninth—Phenix to Yuma. 

Tenth—Visit Laguna Dam. See headworks, main canal 

and siphon. 

Eleventh—To Los Angeles. From there visit San Fernando 

hydraulic-fill dam being built by city. 

Twelfth—At Los Angeles. 

Thirteenth—At San Francisco. 

Returning from San Francisco over the Ogden Route 

First day—6 p.m., San Francisco to Hazen, Nev. 

Second—Automobile to Lahontan Dam. See some of the 

project and leave for Ogden, Utah. 

Third—Arrive Ogden and Salt Lake City. 

Fourth—-To Provo; by automobile to Strawberry Valley 

Dam in mountains. 

Fifth—Return and see construction of irrigation system 

Sixth—To Grand Junction, Colo. 

Seventh—See dam being built on Grand River, tunnels and 

main canal. 

Eighth—To Montrose; visit Gunnison Tunnel and part of 

distributing system. 

Ninth—Leave for Denver. 

Tenth—in Denver. 

Eleventh—En route for Chicago. 

Twelfth—Arrive Chicago. 

Il. From Chicago. Reverse latter part of above trip, tak 
ing 12 days from Chicago to San Francisco. On leaving San 
Francisco go north as follows: 

First day—Leave San Franc'sco by Shasta route. 

Second— Arrive Portland. 

Third—Seattle. 
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Fourth—Visit large dams at head of Yakima River, getting 
off at Easton for Kachess Dam (completed) or 
at Meadow Creek for Keechelus Dam (under 
construction). 

Fifth—Go over construction work. 

Sixth—To North Yakima and Sunnyside Valley. 

Seventh—To Spokane and visit water powers. 

EKighth—Boise, Ida. 

Ninth—To Arrowrock 
pletion. 

Tenth—-Deerflat Reservoir. 

(As an alternative to going by Yakima Valley and Spokane, 
the trip can be made directly east from Portland to Boise, 
visiting the new diversion dam on Umatilla River en route). 

Eleventh—Minidoka Project. Visit dam and power plant. 

Twelfth—Pocatello and Butte. 

Thirteenth—Helena and Great Falls. 


Dam, 350 ft. high, approaching com- 
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San Francisco Statistics 


Area, City and County of San Fran- 
ee eres 16 .! 
Population D2 9AT 
LOO 
175 
110 
$647,104,534 
$2,516,004,816 


Sewer system, miles 

INGMMCR OF SORGOIS: ...,<¢03.5.6 650% 6 S803 
valuation..... 

Bank clearings for year 1914 

Value of building operations for 


Assessed 


$30,369,361 

Postal receipts for year 1914 3,252,306 

Number of public parks.... 32 

Acreage of public parks... 

Number of churches............... 

Number of manufactories actually pro- 
ducing for the trade........ 

Number of ships clearing from this port 
during 1914... 

Street railways, double track, miles... . 


1.800 


22) 


* 


Patented Bridges im the Penn- 
sylvania Legislature 


A bill introduced in the Pennsylvania Senate provides 


special recognition for patented bridges. The bill re- 
quires that all competitive designs and specifications must 
be displayed for bidding. The chief clauses of the bill 
are: 

They [the County Commissioners] shall cause to be pre- 
pared a survey and profile of location and a plan and speci- 
fications of the proposed work setting forth the required 
loading and water-discharge capacity of the bridge [and] 
shall expose [them] to public inspection for at least three 
weeks. ‘ 

If a bridge is to be constructed or is to be entirely rebuilt 
the commissioners shall accept any competitive designs and 
specifications therefor presented which they shall expose to 
public inspection for at least five days immediately prior to 
the time set for opening the bids. They shall consider bids 
or proposals upon such competitive designs and specifications 
but it shall not be lawful for them to make any contract 
based on any such design which does not comply with the 
general requirements of the survey profile plans and specifi- 
cations which they have caused to be made or which has not 
been exposed to public inspection as above required. Any 
contract shall be unlawful which is based on any plan or 
specification calling for or making use of any patented process 
or patented design unless such design and specifications are 
accompanied by an offer in writing signed by the person own- 
ing or controlling the patented design or patented process or 
by his legal representative setting forth the terms upon 
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Fourteenth——-Sun River diversion dam and canals. 

Fifteenth—En route east over Great Northern 

ern Pacific. 

Ill. The above return trip may be reversed, lea, 
cago and going directly to Montana points or to |p 
Minidoka, Boise, Portland to San Francisco and con, 
as in the first trip. 


an 


It is suggested that the various project engin: 
notified in advance of any proposed visit to 
project. 


The names and addresses of any of thes 
neers may be obtained from the United States Re: 
tion Service, Washington, D. C. 


POSTE OT ANTAL MAA 


HT 


f 
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which such patented design or process may be obtained o) 


used by any successful bidder in constructing the bridge: 
der such contract. 


xz 


Chicago River Tunnel 


A tunnel under the North Branch of the Chicago River 
at Ashland Ave. is proposed in connection with an exten- 
sion of the street-car lines, and plans for two projects 
have been prepared by the City Engineer, John Ericso 
From the river to Fullerton Ave., the line of Ashland Ay 
is occupied by private property, and it is estimated that 
it will be cheaper to tunnel under this than to condem 
land for opening the street. A tunnel with roadway and 
sidewalk in addition to the car tracks is estimated to cost 
$2,723,000, while one for street-car traffic only would cos: 
$1,215,380. An alternative plan is to build a bridge at ; 
cost of $630,000, but this would require the purchase o/ 
property to open up a new street connection. 


# 


New High-Temsion Cables Over 
Carquinez Straits 


The Pacific Gas & Electric Co., of San Francisco, re- 
cently added two aérial cables across the Straits of Car- 
quinez in increasing the capacity of its high-tension tran- 
mission lines from the mountain power stations to Oak 
land. The first cables were slung 14 years ago when tl 
Bay Counties Power Co., completed its 142-mile trans 
mission system from Colgate (described at length in Ev- 
GINEERING News, Oct. 3, 1901). This was pioneer work 
for which no precedents had been established. 

The cables passed from concrete anchorages over towers 
which supported the span at 208 ft. minimum clearance 
above the water. At the towers the cables rested on 
sheave-frames supported by porcelain insulators; housed 
strain insulators were interposed between the cables ani 
anchorages. 

In rearranging the tower tops to carry six cables, the 
old construction has been adhered to except in the sul 
stitution of steel I-beams for wooden cross arms and 3 
steel platform for the wooden sheave-frame support. T)i 
new anchorages differ from the old by substituting, f 
iron-frame micanite-barrier oil-filled strain insulators, =i\ 
porcelain insulators on upright steel beams embedded i: 
the concrete anchor blocks; each cable is connecte 
through springs to a frame on the insulator caps. 
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Dayton Garbage Works 


for the equipment of the proposed municipalh 
varbage-reduction works of Dayton, Ohio, will be 
| on Feb. 26. The plant will have a capacity ot 
~() -a day. It will be located on the Cincinnati, Ham- 
Dayton R.R., 7 mi. south of Dayton and 1 mi. 
{ Whitfield. The city will construct the half-dozen 
vs and the settling tanks with day labor, and may 

to install the equipment. 
‘Ten 5-ton digestors, 5x14 ft. “in the straight,” for 
» and pressing by liquid pressure ; one 4x10-ft. pres- 
tank: one direct-heat tankage drier, capable of evap- 


i 


\ 


The bids requested are 


oratiug 1500 to 2000 lb. per hr. of moisture; percolating 
equipment to treat 6 to 8 tons of garbage per charge; 
one steam drier for redrying tankage so as to reduce 12 


to 19% of moisture to 5% ; three 80-hp. tubular horizon- 
tal boilers to work under 125 Ib. pressure; a tx80-ft. steel 
stack. The equipment will be motor driven. Tho work is 
to be done under the Department of Public Service, of 
which J. E. Barlow is Director. C. Cummin is City 
Civil Engineer. S. E. Wilson is Superintendent of Gar- 
bage Disposal and, we understand, is directly responsible 
for the general design of the plant. Bidders will submit 
detailed designs for such equipment as they offer, subject 
to conformity to the general plans and to standard prac- 
tive. 
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Massacuusetts Inxstirute oF TrecHNoLocy—The 
Technology Club of Rochester, N. Y., has provided funds 
for trying the experiment of a few tutor-advisors who 
shall meet the students every day and discuss any difficul- 
ties. The advisors are to be young men in close touch 
with the students. 
each day from 1 to 2 


An advisor will have an open hour 
p.m. in the institute commons. 
University or Crxncinnatt—The Bureau of City 
Tests during the past year tested nearly 1200 samples of 
miscellaneous materials—cement (450 cars), reinforcing 
steel, fire hose, lubricating oils, paint, sand, blankets, 
The Bureaw’s work increased 80% last 
vear as more and more of the city departments came to 
depend on it. The efforts of the Bureau are generally 
accepted in a codperative spirit by makers and dealers. 


chemicals, ete. 


Worcester Potyrecunic INstirure—The 50th an- 
niversarv of the founding of the Institute will be cele- 
brated June 6 to 10. The program includes the dedica- 
tion of the Alumni Athletic Field, the annual commence- 
ment exercises, processions, a banquet, and other cele- 
brations. President Woodrow Wilson was the commence- 
ment speaker 25 years ago and has signified his intention 
to be present on June 9. Col. George W. Goethals has 
also accepted an invitation. The committee in charge 
of the anniversary program is George I. Rockwood, 
Charles Baker and Zelotes W. Coombs, of Worcester. 

The Code for Steam-Boiler Construction, which has been 


under preparation by a committee Of the American Society 
of Mechanical Engineers for over two years, was reported in 


revised form to the Council of that Society on Feb. 15 and 
was accepted. 
The Water-Works of Billings, Mont., were transferred 


from the Billings Water Co. to the city on Feb. 1, 1915, at 
a Valuation of $315,000. 4 water-purification plant will be 
built and the mains extended at a cost of $135,000, the people 
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having voted 
improvement 
tendent at $200 
the 


$450,000 for water and 
Three 


cashier at 


bonds works acquisition 


not long ago commissioners, a 


$125 a month will 


superin 
and a manage 


works 


A New Transcontinental Railway went into operation Feb 
6 This is a working combination of the St. Louis & San 
R.R. and the Santa Fé The new route wil! 
via the St. Louis & San Francisco from New Orleans to 
Houston, Tex., then over the Santa Fé to San 
including the Coleman Belen cut-offs in 
Mexico. This will give Orleans and the 
continental the other 
cific 


Francisco system 
be 
and Francisco, 
Texas and New 
South two trans- 


being the Southern Pa 


and 
New 
railway lines, 


system. 

A Large Reinforced-Concrete 
storage is to be built at Chicago by the Midland 
Tranfer & Warehouse Co., which is a concern backed by the 
stock-yards interests. It will be located at Western Ave. and 
15th St., and its second floor will have three tracks connecting 
with the elevated line of the Chicago Junction Ry. The build 
ing will be 260x405 ft., 58 ft. high, four stories 
basement. It will be of reinforced-concrete construction, 
a flat-slab with floor panels 18 ft. 6 in. by 18 ft. 8 
ine The floor 400 Ib. per sq.ft. for 
the first floor, 350 lb. for the second (with tracks), 300 Ib. for 
the third Ib. for the fourth. There will be six ele- 
vators of 8000 lb. capacity, besides electric hoists and “lower- 
The building S. Scott Joy, architect, 
and the general contractors are & Webster. The entire 
plant wi.! investment of some $700,000, and it is 


Warehouse for railway and 
purposes 


with and 

on 
system, 
to c. of columns. 


loads are 


and 250 
ators.” was designed by 
Stone 


represent an 


to be ready for service by August, 1915 

Progress of Dorchester Tunnel, Boston—The Dorchester 
Tunnel is substantially completed from Tremont St. to the 
westerly side of Dewey Square, with the exception of the 


interior finish in the 
Washington 


Washington 
to Chauncy St. The 


station, which extends from 


work of finishing the sta- 

tion is nearing completion 

Section D includes a station under Dewey Square and 
about 450 ft. of tunnel under Summer St. east of the station 
Work is now in progress on both station and tunnel The 
Hugh Nawn Contracting Co. is the contractor 

Section E includes two single-track circular tunnels which 
will extend from near the junction of Summer St. and Dor- 
chester Ave. under Fort Point Channel and private property 
to a point near Dorchester Ave. between West First and 
_ West Second St., South Boston These tunnels will be driven 
by means of shields and with compressed air. Work has 
begun on the main shaft in West First St. P. MeGovern & 
Co. are the contractors. Journal of Boston Soc. C. E 


The Causes of Explosions in Sewers at Pittsburgh, Penn., 
are being studied by the United States Bureau of Mines in co 
operation with the city. Special methods and apparatus ‘ave 
been devised to sample and test the air and many 
air have been examined. Gasoline has been in- 
troduced into sewers, with special precautions to prevent acci- 
dents, and the amounts of different kinds of gasoline 
sary to produce explosive mixtures under 
have been determined. 


samples 
of sewer 


neces- 
different conditions 
Studies are also being made regard- 
ing the intrusions of natural gas, artificial gas, washings from 
garages, residues from plants, All 
of being studied. A report of the in- 
vestigations will be published as soon as sufficient data have 
obtained. The under the supervision of G. A 
Burrell, chief gas chemist of the Bureau of Mines, Ss 
chemist of the city of Pittsburgh, with the collabora- 
tion of of the staff of the Bureau of Mines 
and the Public Safety Department of the City of Pittsbur; ° 


From U. S. Bureau of Mines. 


cleaning ete. possible 


sources ignition are 


been work is 
and 
Boyd, 


other members 


California State Highways—Statistics of completed work 
on the state highways of California to Jan. 15, 1915, 
that 2150 miles of surveys have been made, 1101 miles of road- 
way laid out, contracts let for 1008.5 miles, while 632 miles 
of road have been completed. There has been a tremendous 
impetus given to concrete road building on the west coast 
within the last year or two In California during the last 
year no less than 270 miles of portland-cement concrete pave- 
ment were laid. Of this 208 miles were pavements 15 ft. wide 
Only 6 miles were the minimum width of 12 ft.; 43 miles were 


show 


18 ft. wide; 8 miles 20 ft.; and 5 miles 24 ft. wide. The total 
mileage of cement-concrete roads under construction and 
completed is 685 miles, nearly aH of which has a thin 
bituminous top. The rest, 21 miles, has an asphaltic top. The 
consumption of cement has increased by leaps and bounds, 
from 132,955 bbl. in 1912 to 572,066 bbl. in 1914 The state 
has constructed only 13 miles of waterbound macadam and 


19 miles of oil macadam. The State Highway Engineer of 
California is Austin B. Fletcher, formerly of the Massachusetts 
State Highway Commission 
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Four Optional Charter Forms for Massachusetts Cities have 
been framed by a joint committee of the legislature after a 
series of recess hearings. The four plans, prefaced by an in- 
teresting report, have recently been submitted to the legis- 
lature. Plan A provides for a council of nine members and a 
mayor, the latter to have full executive control of the city 
with absolute veto power of acts of the council and with 
absolute power of appointment and removal of all admin- 
istrative officials. Plan B provides for a council of 11 to 14 
members, according to the number of wards in the city, one 
member to be chosen from each of the wards and the other 
members to be chosen at large, and for a mayor with limited 
power of veto and with power of appointing city adminis- 
trative officers subject to the approval of the council. Plan 
C is the commission plan with five commissioners, each se- 
lected to head a specific department of the city but the com- 
mission having authority to decide for itself what branches 
of city government shall be included in each department 
whenever a difference of opinion arises. Plan D is the now 
well-known commission-manager plan. Except under Plan B, 
all the councilmen would be elected at large. 


A Manicipal Motor-Bus System for Chicago has been pro- 
posed, and the city’s budget for 1915 includes an appropriation 
of $3,000,000 for operating such a system. This sum would be 
taken from the “traction fund” built up from the city’s 55% 
share of the profits of the street-railway companies. The 
franchise granted to these companies in 1907 provides that 
this fund shall be for the purchase and construction of the 
railways by the city, but the city’s law department has 
rendered an opinion that this is not binding and that the city 
can dispose of the money as it chooses. 

The purpose of the new transportation system is to afford 
additional facilities and reduce the present excessive crowd- 
ing of the street cars, but it is objected that in the busi- 
ness district the motor-buses will simply add to the number of 
vehicles in streets already so crowded that movements are 
extremely slow and various steps are being considered for 
reducing the congestion. This congestion, with its slow traffic 
movement, is one of the main arguments for the proposed 
street-car subways through the business district. 

Private companies have applied for permission to operate 
in the streets, but no authority has been given to any of these. 
Other companies desire to operate in the parks and boule- 
vards, where no public system of transportation exists. The 
action of the city council is not necessary in such cases, as 
the parks and boulevards are under the control of the differ- 
ent park commissions. The South Park Commission has al- 
ready granted a permit to one company. 


The Life Savers of the U. S. Bureau of Mines have rescued 
over 100 entombed miners from certain death, according to 
a statement of J. A. Holmes, Director, in his annual report. 
The Bureau now maintains six mine-rescue stations, eight 
mine-rescue cars and one motor truck, all located in the 
mining districts of the country. The cars visit the various 
mining camps, and train the men in rescue work and also 
in first aid to the injured. Whenever there is a mine disaster, 
it is now possible to obtain a sufficient number of trained 
volunteers to take care of the rescue: in. an orderly and 
systematic manner, and without the great loss of life so 
frequently found among the rescuers in the past. In the 
relatively short period during which the crews of the bureau's 
rescue cars and stations have been able to conduct 
training of miners, 46,694 men have visited the cars and 
stations, 26,229 have attended lectures and safety demon- 
strations, 2826 were given mine-rescue training and 5780 
received first-aid instruction and rescue training. The states 
are spending for inspection and police supervision more than 
the Federal Government in all its safety investigations. 
Pennsylvania maintains a well organized inspection force 
at an annual cost of $213,000. More than 170 mining com- 
panies individually or through association established 
76 mine-rescue stations at which there are 1200 sets of rescue 
apparatus, besides the auxiliary equipment for first-aid and 
fire-fighting work. There are also 12 mine-rescue cars now 
operated by individual companies about their own properties. 

The Appraisal of Public Utilities in Indiana, by the engi- 
neering staff of the Public Service Commission, since June, 
1913, has covered 29 utilities representing a total cost (new) 
of $14,400,000. These include six electric light and power 
utilities (three utilizing their exhaust steam for heating 
plants), $8,045,000; eight water plants, $2,785,000; eight tele- 
phone plants, $1,075,000; two gas-manufacturing plants, $2,- 
030,000; three natural-gas plants, $225,000; and two hot-water 
heating plants, $215,000. The cost to the utilities for their 
appraisals (with audits and attorneys’ fees) has been esti- 
mated at $101,000, and the cost of the appraisal work by the 
engineering staff of the Commission has been about 20% of 
this amount. The staff now has property in hand, upon which 
reports will be made within six months, to the amount of 


active 


have 
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about $10,000,000. The general practice is for the 
furnish the Commission with a detailed inventory 
by an appraisal company. This is checked by the en, 
staff, and then summarized and priced. A copy of 
praisal is then furnished to each of the contending, 
(usually the utility and the city), and a public hy 
held. The greatest bone of contention is always the 
of intangible values. The appraisal work for th« 
is done mostly by engineers from outside the state, 
work for municipalities by home engineers. The 
appraisal does not seem to suffer in time of genera! 
sion, disagreements between consumers and utility » 
ments being about as frequent at one time as anoth: 
above is condensed from a report presented at the 
meeting of the Indiana Engineering Society, Jan. 22, } 
Garman, Chief Engineer of the Public Utility Commis 
Indiana. 


Sewage Disposal for a Group of Cities in northern | 
by means of a connection with the Chicago Drainag« 
has been defeated, owing to failure of the cities to vote 
mously in favor of the organization of a sanitary dist: 
represent their interests jointly. The pollution of Lak: | 
igan by the grewing manufacturing cities and industria! dis- 
trict at its southwest corner is a serious condition, anid 
rious plans have been considered for the disposition 
treatment of the sewage. The problem should be treated as 4 
unit, but there has been difficulty in getting the cities inter- 
ested to work in harmony, and the city of Hammond 
has been planning a sewage-disposal system 
cost $600,000. 

A sanitary district comprising the several cities and towns 
in the Calumet River territory was proposed, and in 191% the 
Indiana legislature passed a bill authorizing the organiza- 
tion of such a district, subject to a referendum to the voters 
of each city. The Sanitary District of Chicago then made a 
proposition to have the sewage of the proposed Northern 
Indiana Sanitary District disposed of by means of the new 
Sag Canal and the Chicago Drainage Canal. It also 
moted the organization of the proposed district, in order 
that it might have some definite authority to deal with, in- 
stead of dealing with several minor and partly antagonistic 
authorities. 

The county commissioners of Lake County, Indiana, se- 
cured petitions for the proposed district for the four cities of 
Hammond, East Chicago, Gary and Whiting, and the vote 
was taken on Jan. 30. The project lost by about 2000 to 1500, 
the first two cities voting against it and the other two in 
favor of it. The vote was light, only about 20,000 out of a pop- 
ulation of 100,000. Fear of high taxes is thought to have been 
the-reason for the adverse vote. Under the law the project 
required the favorable vote of each city. A joint commission 
of mayors and public officials of the four cities issued a re 
port in favor of the project. Dr. W. D, Weis, of Hammond, 
Ind., is secretary of this commission. 


estimated to 


pro- 


Tr ee 


PERSONALS 


ouvsunnennennnsevecensvescovevenenssenevavecesacunecuconsncnsenevevenevaraencncvevesevecevevenevsnensceenneenserensaevenenenenenstensvensvenenenennrvanseauenventcvistin 


Prof. Hermon C. Bumpus, President of Tufts College, has 
been appointed a member of the City Planning Board of Som- 
erville, Mass. The other members of the Board are Messrs 
E. W. Bailey, City Engineer; A. M. Pinkham, W. —&. Dodge and 
A. 8. Heald. 


Mr. R. C. Andrews, Division Superintendent of the Texas 
& Pacific Ry., at Marshall, Tex., has been appointed Assistant 
jeneral Superintendent, with headquarters at Dallas, Tex 
Mr. William Lynch, Superintendent of the New Orleans Di- 
vision, succeeds Mr. Andrews. 


Messrs. J. B. Lippincott, M. Am. Soc. C. E., Consulting En- 
gineer, of Los Angeles, Calif., and M. M. O'Shaughnessy, M. 
Am. Soc. C. E., City Engineer of San Francisco, have been 
appointed by the City of San Diego to review the available 
water-supply and investigate the cost of additional develop- 
ment for that city. Mr. Lippincott was formerly Assistant 
Chief Engineer of the Los Angeles Aqueduct. 


Mr. R. W. Bonney, who has been connected with the Valu- 
ation Department of the Norfolk Southern R.R., has entered 
the employ of the Newport News Shipbuilding & Dry Dock 
Co., of Newport News, Va. He will be connected with the 
civil engineering department and will take charge of yard 
surveys. Mr. Bonney was formerly with the United States 
Government on the inland waterways survey from Norfolk, 
Va., to Beaufort, N. C. 


Mr. Everett M. Breed, M. Am. Inst. E. E., for the past 
eight years District Manager of the Canadian Allis-Chalmers 
Co., Ltd., at Vancouver, B. C., has been appointed District 
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of the Pelton Water Wheel Co., of San Francisco, 
will continue his headquarters at Vancouver. Mr. 
graduate of the University of Maine. Previous to 
etion with the Canadian Allis-Chalmers Co., Ltd., 
; th the sales department of the Canadian Westing- 
a 18 at Montreal, Que. 

MI enry C. McRae, Assoc. M. Soc. C. E., Division En- 
the Baltimore (Md.) Sewerage Commission, has been 


Mar 
Bree 


his 


ginee! 


oil District Engineer of the Detroit District of the 
“sll nal Joint Commission. The work involves cost 
al the problem of collecting, transporting and treat- 
ing t ewage of Detroit and nearby cities, the object being 
to re the pollution of the Detroit and St. Clair Rivers. 
The work is under the general direction of Prof. Earle B. 
phell Assoc. Am. Soc. C. E., Consulting Engineer for the 
Inter nal Joint Commission. 
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James Finney McElroy, M. Am. Soc. M. E., President of the 
Consolidated Car Heating Co., of Albany, N. Y., died at La- 
conia, N. H, Feb. 10. Mr. McElroy was born in Greenfield, 
Ohio, Nov. 25, 1852, and graduated from Dartmouth College 
in 1876 For four years after his graduation Mr. McElroy 
was principal teacher of the Indianapolis Institution for the 
Blind, and for seven succeeding years was Superintendent of 
the Michigan Institution for the Blind. Mr. McElroy organ- 
ized in 1887 the McElroy Car Heating Co., which two years 
later was combined with the Sewall Car Heating Co. 


Frank Olin Marvin, M. Am. Soc. C. E., Dean of the School 
of Engineering of the University of Kansas, died at San 
Diego, Calif., Feb. 6, from heart disease, in his 63d year. 
Professor Marvin was connected with the University of Kan- 
sas for 40 years. In 1891 he reorganized the engineering 
courses into a school distinct from the rest of the University. 
In appreciation of his long service in the advancement of 
engineering education at the University, a bronze bust of 
Professor Marvin was recently presented to the University 
by a number of his former students. Dean Marvin retired 
from active work last year. 
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COMING MEETINGS 


MINNESOTA SURVEYORS AND ENGINEERS SOCIETY. 
Feb. 19-20. Annual meeting, at St. Paul, Minn. Secy., 
George H. Herrold, City Hall, St. Paul, Minn. 


INDIANA SANITARY AND WATER SUPPLY ASSOCIATION. 
Feb. 23-24. Annual meeting at Indianapolis, Ind. Secy., 
Dr. W. F. King, State Board of Health, Indianapolis, Ind. 
ILLINOIS WATER SUPPLY ASSOCIATION. 
Mar. 9-11. Annual convention at University of Illinois. 
Secy., Edward Bartow, Urbana, Ill. 


AMERICAN RAILWAY ENGINEERING ASSOCIATION. 
Mar. 16-18. Annual meeting at Chicago, Ill. Secy., E. H. 
Fritch, 900 So. Michigan Ave., Chicago, II. 
Iowan State Drainage ‘Association—The annual meeting 
will be held at Webster City, Iowa, Feb. 25-26. The Secre- 
tary is H. M. Sparboe, Webster City. 


The International Congress of Navigation—The Thir- 
teenth International Navigation Congress was to have been 
held in Stockholm, Sweden, during the coming summer. 
The Swedish Government, under date of Jan. 12, announced 
that the Congress would be indefinitely postponed. 


Louisiana Engineering Society—At a meeting of the So- 
ciety on Feb. 8, the annual address of President Williams, 
entitled “The Ethics of the Contractor,” was discussed by 
a number of members. The Secretary is W. T. Hogg, Mu- 
seum Bldg., Chartres and Ann Sts., New Orleans, La. 


American Institute of Consulting Engineers—The officers 
for the ensuing year are: President, Elmer L. Corthell; 
Vice-President, Charles Sooysmith; Secretary, F. A. Molitor, 
35 Nassau St., New York City. Vacancies in the Council 
have been filled by Allen Hazen, George Gibbs and Charles 
E. Lucke, all of New York City. 


Boston Engineers’ Annual Dinner—The sixth annual din- 
ner of the engineering societies of Boston was held at the 
new City Club on Feb. 15, with about 275 in attendance. J. 
W. Rollins acted as toastmaster, and Governor Walsh, of 
Massachusetts, was the guest of honor. Addresses were made 
by Charles Whiting Baker, editor-in-chief of “Engineering 
News,” on “The Broader Civic Relationships of the Engineer,” 
and by Capt. Robert Bartlett, on Arctic exploration. 
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Indiana Sanitary and Water Supply Association—The 
eighth annual meeting will be held in affiliation with the 
Indiana State Board of Health at the Hotel Severin, In- 
dianapolis, Ind., Feb. 23-24. Among the various papers to 
be presented are the following: “Water Waste Elimination,” 
Paul Lanham, Pitometer Operator, Water Department, 
Washington, D. C.; “The Standards for Water Used on In- 
terstate Carriers,” H. E. Jordan, Superintendent of Filtra- 
tion, Indianapolis Water Co.; “Treatment of Industrial 
Waste,” Langdon Pearse, Engineer, Sanitary District of 
Chicago; “Stream Sanitation,” Earle B. Phelps, Professor of 
Chemistry, U. S. Public Health Service, Washington, D. C 
“The Indianapolis Experimental Sewage Disposal Plant,” C 
H. Underwood, City Chemist, Indianapolis There will be a 
visit to the new pumping station of the Indianapolis Water 
Co The annual banquet will be held on Feb. 23, and a 
luncheon on Feb. 24 The Secretary is W. F. King. 

Minnesotu Surveyors and Engineers Socitety—-The annual 
meeting will be held Feb. 19-20, at St. Paul, Minn., with 
headquarters at the Ryan Hotel. Among the papers sched- 
uled for presentation are the following: “Keeping of Costs 
by the Engineer,” O. H. Tlann, District Engineer, Highway 
Commission, Moorhead; “Roseau River Drainage Project,” 
E. V. Willard, State Drainage Engineer, St. Paul; “The Drain- 
age Engineer and the Public Road,” S. L. Kennedy, Deputy 
County Surveyor, Princeton; “Segmental Vitrified Sewer 
Pipe,” William Danforth, Municipal Contracting Engineer, 
St. Paul; “Aims and Purposes of the League of Minnesota 
Municipalities,” Prof. R. R. Price, Secretary; “Bridges in 
Minnesota,” C. E. Nagel, Deputy Engineer of Bridges, State 
Highway Commission; “Some Features of Stadia Surveying 
and Its Broader Uses,” W. B. Saunders, Consulting Engineer, 
Minn.; “Practical Garbage Disposal for Small Cities,” E. W 
Kibbey, Civil Engineer, International Falls; “Sewage Pump- 
ing Plant at Park Point, Duluth,” John Wilson, City En- 
gineer, Duluth; “Central Heating Plants for Small Towns,” 
J. F. Druar, St. Paul; “Sewage Disposal for Small Towns,” 
L. A. Rowat, WWimar. A dinner and smoker will be held 
on Feb. 20. The Secretary is George H. Herrold, City Hall, 
St. Paul. 

New England Water Works Association—-At the monthly 
meeting of the New England Water Works Association, held 
in Boston on Feb. 10, the reports of two committees were 
discussed. William F. Sullivan, Vice-President, presiding in 
the absence of President Leonard Metcalf, first called on X. 
H. Goodnough to discuss the report of the Committee on 
Yield of Drainage Areas, of which F. P. Stearns is Chairman. 
Mr. Goodnough spoke at some length on the question of 
underground storage and was followed by W. S. Johnson, who 
called attention to the need of data on the yield of swamp 
areas to make the report complete. 

Great interest was shown in the report of the Committee 
on Meter Rates, which was discussed by many members of 
the Association. The main parts of the report were: Divi- 
sions of the Sliding Scale, Amount of Slide in the Seale, 
Service Charges and Unit of Measurement. 

The recommendations of the committee, that there be three 
divisions in the sliding scale, brought out some interesting 
accounts of its application and showed that some cities have 
sold water to large consumers on the third schedule at less 
than cost, a practice which appears not to have been justified 
in the long run since the very success of that means of ob- 
taining customers has led to greater plant requirements 
without increasing income to a commensurate degree. Mr. 
Hazen, for the committee, pointed out that there was nothing 
in the proposed schedules to prevent making two or even 
all three of the rates equal and that no definite charges were 
recommended for any of them, 

Under Service Charges the committee referred to the loss 
on metered services due to the inability of meters to register 
small flows. C. W. Sherman made the point that not all un- 
accounted-for water goes through the service meters; some of 
it leaks out of the mains. As an example he referred to 
conditions in Belmont, Mass., where water is obtained from 
the Metropolitan System through a Venturi meter and where 
all services, even those supplying water for flushing, are 
metered. The leakage is therefore readily determined and its 
amount has to be considered in making rates. 

The manner of making the service charge in a town hav- 
ing a considerable summer colony in addition to its perma- 


nent population was the subject of some discussion, as it is a, 


problem which has caused trouble to the water boards of a 
number of such places. 

A vote was taken on the preference of those present for 
the use of gallons or cubic feet as the unit of measurement 
by meter. A large majority preferred the former unit. 

The report of the Committee on Statistics of Water Puri- 
fication Plants, which was scheduled for discussion at this 
meeting, was not reached and it will be discussed at the 
March meeting. 
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Improved Fteley-Stearns Current Meter 

The accompanying 
velopment of the Fteley-Stearns type of current meter, em- 
bodying improvements suggested by A, T. Safford, Consult- 
ing Hydraulic Engl- 

neer, Lowell, Mass. It 

has noncorrosive trid- 

jum bearings which 

are nearly friction- 

less; the rear bearing 

is specially protected 

against sawdust, ete 

The wheel is heavier 

than in previous in- 

struments of this type, 

is 5 in. in diameter in 

stead of 3% In., 


illuatration shows the most recent de- 


and 
has six instead 
of eight; the pitch of 
the wheel is 2.3 ft 
The axle is extra 
heavy and the wheel 
stronger and stiffer so 
withstand = ve- 
locities as high as 13 
ft. per sec. Special at- 
tention is given to 
rigidity of the meter 
as a whole, by carry- 
ing a horizontal bev- 
eled bar around itn 
front of the wheel, 
securely fastened at 
both ends to the cir- 
cular bar inclosing the 
wheel. All this frame- 
work is made of very 
thin knife - edge 
blades. The automatic 
counter is driven by 
inclosed The counter-box is reinforced and 
protected by the rod brace as shown 

It is claimed that the meter begins to record at a flow of 
0.1 ft. per sec., and is accurate from 0.2 ft. per sec. The 
Fteley-Stearns type of made by the Buff & Buff 
Mfe«. Co., Boston, Mass., and this newest model, No. 8, Is listed 
at $151. 
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One-Ton Packard Motor Truck 
The light-duty motor-truck fleld has been entered by the 


Packard Motor Car Co.,, of Detroit, Mich,, with a 1-ton vehicle, 
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The company’s line now runs from one to six tons 
The same general features of design are employed 
out, Including worm drive, electric starting ana 
carburetor for low-grade fuel, speed-limit governo, 
wiring, ete 


* . . 


Double-Cage Tunnel Hoists 


The electric hoists for the construction shafts o{ 
Creek sewer tunnel at St. Louis, Mo., have the speci 
of a double brake, equalized so that the operator has + 
control of the load in either direction. Double-ca 
of this type have been designed generally with 
brake band, which has given good braking efficiency o 
the hoist running in one direction. 

The new hoists are equipped with 82-hp. motors 
at 514 rpm, The usual contactor-panel control, th: 
which is almost prohibitive for contractor's work, | 
replaced by a carbon-disk system. With this contro 
resistance is regulated by the compression of graphit 
and ares are reduced to the minimum. These hoi; 
bullt by the Thomas Elevator Co., of Chicago. The Mj eek 
sewer tunnel project was described in our issue of t. 3 
1914 : 
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Conerete Mixer-Distributor for Road Work 


The improved outfit for mixing and placing concrete jn 
road work shown in the accompanying illustration h been 
designed by the Municipal Engineering & Contracting Co., of 
Chicago, A mixer, engine, charging skip, and horizontal boom 
with dumping bucket are all mounted on a steel frame The 
heavier end of the machine is carried by a 
pillars 2 ft. wide and 5 ft. long. The load on the front wheels 
is sufficient for steering. The drive comprises a differential 
gear and the machine can turn around in about its own length 

Another feature is an automatic dumping bucket This 
is of approximately semicylindrical form, but has one end in 
clined and so hung that, when unlatched from the bail, the 
weight of concrete will tilt it. When the loaded bucket ha 
been run out to the point where it is to be dumped, the oper- 
ator reverses the travel, which unlatches the bucket, causin, 
it to invert and dump; the bucket then automatically 
itself, latches and returns. 


pair of 


cater- 


rights 
The 20-ft. boom is power swune 
through 160°, so that concrete can be spread over a width of 
40 ft. The charging skip Hes on the ground for loading from 
wheelbarrows, and in its delivering position it stands vertical 

With a steam-power equipment two men are required, one 
to handle the charging skip and the other to handle the dump 
bueket and attend to the firing. The mixer is set at such a 
height that the concrete can be discharged into carts if de 
sired. The machine is made in two sizes, one with a yd 
mixer and weighing about 5 tons; the other with a %-yd 
mixer and weighing about 7% 
have laid over 
crete per 


tons. These are reported to 
1000 and 1400 sq.yd., respectively, of 6-in 
working day, 


con- 


CoxncreTe Mrxer-DistrrpuTor FoR STREET PAVING 





